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FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compris

ng

all national electrotechnical committees (IEC National Committees). The object of IEC\is to promote internatiopal

co-operation on all questions concerning standardization in the electrical and eleetronic fields. To this end 3
in addition to other activities, IEC publishes International Standards, Technical Spegifications, Technical Repo
Publicly Available Specifications (PAS) and Guides (hereafter referred t6)as “IEC Publication(s)”). TH
preparation is entrusted to technical committees; any IEC National Committee|interested in the subject dealt W
may participate in this preparatory work. International, governmental and.non-governmental organizations liais

nd
ts,
eir
ith
ng

with the IEC also participate in this preparation. IEC collaborates closelywith the International Organization [for

Standardization (ISO) in accordance with conditions determined by @greement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internatiopal

consensus of opinion on the relevant subjects since each/technhical committee has representation from
interested IEC National Committees.

all

IEC Publications have the form of recommendations for{international use and are accepted by IEC Natiohal
Committees in that sense. While all reasonable effoitssnare made to ensure that the technical content of IEC

Publications is accurate, IEC cannot be held respansible for the way in which they are used or for 4
misinterpretation by any end user.

In order to promote international uniformity, lEC National Committees undertake to apply IEC Publicatig
transparently to the maximum extent possible.in their national and regional publications. Any divergence betwg

ny

ns
en

any IEC Publication and the corresponding/national or regional publication shall be clearly indicated in the latfer.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conforni
assessment services and, in somexareas, access to IEC marks of conformity. IEC is not responsible for 3
services carried out by independeht certification bodies.

All users should ensure that-théy have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts 3
members of its technicahcommittees and IEC National Committees for any personal injury, property damage
other damage of any ‘nature whatsoever, whether direct or indirect, or for costs (including legal fees) 4

ity
ny

or
nd

expenses arising~out’ of the publication, use of, or reliance upon, this IEC Publication or any other IEC

Publications.

Attention is~/drawn to the Normative references cited in this publication. Use of the referenced publications
indispensable for the correct application of this publication.

is

Attentiomis drawn to the possibility that some of the elements of this IEC Publication may be the subject of patgnt
rights.JIEC shall not be held responsible for identifying any or all such patent rights.

change has been made. Additions are in green text, deletions are in strikethrough red text.

to
a
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International Standard IEC 62282-4-101 has been prepared by IEC technical committee 105:
Fuel cell technologies.

This second edition cancels and replaces the first edition published in 2014. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a)

revision of the title of this document;

b)
c)
d)
e)
f)
9)
h)

Fy

the above table.

Th

TH
ad|
at
de

ca

revision of reference standards;

addition of new subclauses (4.3, 4.14.5, 4.15.3, 4.15.4, 4.16, 5.6, and 5.23);
previous 4.15 was revised as “4.16 Risk assessment and risk reduction”;
revision of 4.6 3), access to the manual shutoff valve;

revision of requirements for battery terminals that are threaded (4.14.10(1);
revision of requirements for double layer capacitors (4.14.10.2);

revision of external leakage test (5.5) and ultimate strength test (5.7);

revision of temperature limits on capacitors depending on _theltemperature rating of t
material (Table 3);

revision of markings that are not relevant (Clause 7);

added “Significant hazards, hazardous situations and-events dealt with in this document”
a new informative annex (Annex B).

e text of this International Standard is based on¢the following documents:
Draft Report on voting
105/912/FDIS 105/922/RVD

[l information on the voting for,its"approval can be found in the report on voting indicated

e language used for the development of this International Standard is English.

is document was~drafted in accordance with ISO/IEC Directives, Part 2, and developed
cordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, availat
www.iec.ch/members_experts/refdocs. The main document types developed by IEC 3
scribed in‘greater detail at www.iec.ch/standardsdev/publications.

ist of all parts of IEC 62282 series, published under the general title Fuel cell technologie
n be found on the IEC website.

as

in

in
le

IS’
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

MPORTANT — The "colour inside" logo on the cover page of this document indicates that it
contains colours which are considered to be useful for the correct understanding of.its
contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

The |EC 62282-4 series deals with categories such as safety, performance and
interchangeability of fuel cell power systems for propulsion other than road vehicles and
auxiliary power units (APU). Among the categories mentioned above, this document,
IEC 62282-4-101, focuses on safety of electrically powered industrial-eteetric trucks with fuel
cell power systems because such applications are urgently demanded in the world. Future
documents in this part of IEC 62282-4 will deal with other applications related to onboard
vehicles other than road vehicles and auxiliary power units (APU).
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FUEL CELL TECHNOLOGIES -

Part 4-101: Fuel cell power systems for
. . i .
pFof Safety of :EHH.'ﬂ;HIEEE"”'?ﬁ*runyjiiwe'ﬁ""tsh"“)
Fuel cell power systems for
electrically powered industrial trucks — Safety

1| Scope

THis document deals with safety of fuel cell power systems for propulsion ether than ropd
vehicles and auxiliary power units (APU).

THis part of IEC 62282 covers safety requirements for fuel cell power, systems intended to pe
usfed in electrically powered industrial trucks as defined in ISO 50534 except for:
— | rough-terrain trucks;

— | non-stacking low-lift straddle carriers;

— | stacking high-lift straddle carriers;

— | rough-terrain variable-reach trucks;

— | slewing rough-terrain variable-reach trucks;

— | variable-reach container handlers;

— | pedestrian propelled trucks.

This document applies to gaseous hydrogen-fuelled fuel cell power systems and direct methanol
fuel cell power systems for electrically powered industrial trucks.

The following fuels are considered within the scope of this document:

— | gaseous hydregen;
— | methanol.

THis document covers the fuel cell power system as defined in 3.8 and Figure 1.

This¢document applies to DC type fuel cell power systems, with a rated output voltage not
exceeding 150 V DC for indoor and outdoaor use

This document covers fuel cell power systems whose fuel source container is permanently
attached to either the industrial truck or the fuel cell power system.

In accordance with IEC Guide 116, significant hazards, hazardous situations and events dealt
with in this document are shown in Annex B.

The following are not included in the scope of this document:

— detachable type fuel source containers;
— hybrid trucks that include an internal combustion engine;

— reformer-equipped fuel cell power systems;
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— fuel cell power systems intended for operation in potentially explosive atmospheres;
— fuel storage systems using liquid hydrogen.

Fuel (hydrogen, methanol) Coolant
System boundary
J E Excess/released fuel
»
Fuel st
ue! storage Thermal
(hvdroaen P» Waste heat
nﬁmmfm_r Internal power needs
Fugl || Power
regulating & Fuel cell > 5 Electrical
piping P B I power output
Oxidant (air) Conditiongr and module ?
»] Dprocessing |-
"] system (stack) Energy
Ventilation air — A |_storage |
_ Ventilation I » Exhaust gases
» \ 4 >
Water Water P Discharge water
> Control
EMD — treatment and
L__svstemy 4 E—
o EMI
Vibration,
i . Noise,
wind. rain,
vibration
IEC
Fuel (hydrogen, methanol) Coolant
System boundary
J E Excess/released fuel
»
Fuel storage
(hydrogen,
methanol) malhazrsrenn?:ant P Waste heat
# ¢ T Internal power needs
Fuel
regulating »| Power » Electrical
and piping »1__Conditioner P conditioning power output
Oxidant (air) i ¢
o| Processing Lal (stack)
Energy
storage
Ventilation air A I
Ventilation ¥ p Exhaust gases
t
Water system Wat » Discharge water
ater S
> treatment and Control (liquid or gaseous)
EMD > containment system
Vibration} g
wind, ¥ain, EMI
temperature Noise,
vibration
IEC
Key

EMD electromagnetic disturbance

EMI electromagnetic interference

NOTE A fuel cell power system-may can contain all or some of the above components.

Figure 1 — Fuel cell power systems for industrial trucks
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60050-485, International Electrotechnical Vocabulary (IEV) — Part 485: Fuel cell
technologies

IEC 60079-0, Explosive atmospheres — Part 0: Equipment — General requirements

IEC 60079-10-1, Explosive atmospheres — Part 10-1: Classification of areas — Explosive glas
atmospheres

IEC 60079-29-1, Explosive atmospheres — Part 29-1: Gas detectors\ ~ Performance
requirements of detectors for flammable gases

IEC 60079-29-4, Explosive atmospheres — Part 29-4: Gas .detectors — Performangce
requirements of open path detectors for flammable gases

IEC 60204-1, Safety of machinery — Electrical equipment ‘of machines — Part 1: Genelal
requirements

IEC 60227-3, Polyvinyl chloride insulated cables~0f rated voltages up to and including
480/750 V — Part 3: Non-sheathed cables for fixedwiring

IEC 60227-5, Polyvinyl chloride insulated._cables of rated voltages up to and includipng
480/750 V — Part 5: Flexible cables (cords)

IEC 60335-2-41, Household and similar electrical appliances — Safety — Part 2-41: Particular
requirements for pumps

IEC 60335-2-80, Household @nd similar electrical appliances — Safety — Part 2-80: Particular
requirements for fans

IEC 60364-4-41:20055‘Low-voltage electrical installations — Part 4-41: Protection for safety —
Prptection against eléctric shock
IELC 60364-4-41.2005/AMD1:2017

IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC.©60584-1, Thermocouples — Part 1:-Referercetables EMF specifications and tolerances

IEC 60664-1, Insulation coordination for equipment within low-voltage systems — Part 1:
Principles, requirements and tests

IEC 60695 (all parts), Fire hazard testing

IEC 60695-1-30, Fire hazard testing — Part 1-30: Guidance for assessing the fire hazard of
electrotechnical products — Preselection testing process — General guidelines

IEC 60695-10-2, Fire hazard testing — Part 10-2: Abnormal heat — Ball pressure test method

IEC 60695-11-4, Fire hazard testing — Part 11-4: Test flames — 50 W flame — Apparatus and
confirmational test method
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IEC 60695-11-10, Fire hazard testing — Part 11-10: Test flames — 50 W horizontal and vertical

fla

me test methods

IEC 60730-1:2013, Automatic electrical controls-fer-heusehold-and-similaruse — Part 1: General
requirements

IEC 60730-1:2013/AMD1:2015
IEC 60730-1:2013/AMD2:2020

IE

IE
sw

IE
sw

IE
IE
IE

IE

IE
re

IE
de

IE
re

IE
trg
re

-

IE
P4

C 60812, Failure modes and effects analysis (FMEA and FMECA)

C 60947-3, Low-voltage switchgear and controlgear — Part 3: Switches, disconnecto
itch-disconnectors and fuse-combination units

C 60947-5-1, Low-voltage switchgear and controlgear — Part 5-1: Control circuit devices a
itching elements — Electromechanical control circuit devices

C 60950-1:2005, Information technology equipment — Safety —Rart 1: General requiremer
C 60950-1:2005/AMD1:2009
C 60950-1:2005/AMD2:2013

C 61025, Fault tree analysis (FTA)

C 61204-7, Low-voltage switch mode powef) supplies—d-c—output — Part 7. Safe
Huirements

C TS 61430, Secondary cells and batteri€s — Test methods for checking the performance
vices designed for reducing explosion hazards — Lead-acid starter batteries

C 61508 (all parts), Functional safety of electrical/electronic/programmable electronic safe
ated systems

C 61558-1, Safety 5 3 . —Fes 3 arp
nsformers, reactors,-power supply units and combinations thereof — Part 1. Gene
Huirements and tests

- 62103_E] . . : . i

C 624714-1)," Safety requirements for power electronic converter systems and equipment
rt 1,.General

'S,

s

:ty

of

Fy_

ral

IE

C 6821 ’2’2-1’ Qnr-nnrlnry cells and bhatteries r-nnf::ining alkaline or other non-acid. nlar-frnlyfn<

Safety requirements for portable sealed secondary cells, and for batteries made from them, for

us

e in portable applications — Part 1: Nickel systems

IEC 62282-2-100, Fuel cell technologies — Part 2-100: Fuel cell modules — Safety

IEC 62391-1, Fixed electric double-layer capacitors for use in electric and electronic equipment
— Part 1: Generic specification

IEC 62391-2, Fixed electric double-layer capacitors for use in electronic equipment — Part 2:
Sectional specfication — Electric double layer capacitors for power application
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IEC 62619, Secondary cells and batteries containing alkaline or other non-acid electrolytes —
Safety requirements for secondary lithium cells and batteries, for use in industrial applications

IEC/ISO 31010, Risk management — Risk assessment techniques
ISO 179 (all parts), Plastics — Determination of Charpy impact properties

ISO 180, Plastics — Determination of Izod impact strength

ISO 877 (all parts), Plastics — Methods of exposure to solar radiation
ISP 1419, Rubber- or plastics-coated fabrics — Accelerated-ageing tests

ISP 1421, Rubber- or plastics-coated fabrics — Determination of tensile strengthcand elongatipn
at|break

ISP 1798, Flexible cellular polymeric materials — Determination of\\ténsile strength apd
elpngation at break

ISP 2440, Flexible and rigid cellular polymeric materials — Acceferated ageing tests
ISP 2626, Copper — Hydrogen embrittlement test

ISP 3691-1, Industrial trucks — Safety requirementsiand verification — Part 1: Self-propell
industrial trucks, other than driverless trucks, variable-reach trucks and burden-carrier truck

U
Q

ISP/TS 3691-7, Industrial trucks — Safety requirements and verification — Part 7: Regional
requirements for countries within the European Community

ISP/TS 3691-8, Industrial trucks — Safety requirements and verification — Part 8: Regional
requirements for countries outside the European Community

ISP 3864-1, Graphical symbols-— Safety colours and safety signs — Part 1: Design principles
for safety signs and safety-markings

[¢7]
3
o
T
®
[¢5]
b
®
[0
3
E
I
®

icn

ISP 4038, Roead vehicles — Hydraulic braking systems — Simple flare pipes, tapped holes, male
fittings and-ffose end fittings

~

ISD 4080, Rubber and plastics hoses and hose assemblies — Determination of permeability
gas

(0]

ISO 4675, Rubber- or plastics-coated fabrics — Low-temperature bend test

ISO 5053-1, Industrial trucks — Vocabulary — Part 1: Types of industrial trucks

ISO 7010, Graphical symbols — Safety colours and safety signs — Registered safety signs
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ISO 10380, Pipework — Corrugated metal hoses and hose assemblies

ISO 10442, Petroleum, chemical and gas service industries — Packaged, integrally geared
centrifugal air compressors

IS"\ (o YaVANEN » HEW-NVIP-w71) it ana for aoreaaofad paotal b Q
rTOUUUT T TOCWUIN Ty s TorT ourTagatcyuTit ATl 1TTUS TS

ISP 11114-4, Transportable gas cylinders — Compatibility of cylinder and valve materials wjth
gas contents — Part 4: Test methods for selecting metallic materials resistant to)hydroggen
embrittlement

ISP 12100, Safety of machinery — General principles for design — Risk assessment and risk
refluction

ISP 13226, Rubber — Standard reference elastomers (SREs) for characterizing the effect|of
liquids on vulcanized rubbers

ISP 13849-1, Safety of machinery — Safety-related parts of control systems — Part 1: Genelal
principles for design

s

ISP 13849-2, Safety of machinery — Safety-related pafts of control systems — Part 2: Validatipn

ISP 14113, Gas welding equipment — Rubber and plastics hose and hose assemblies for ujse
with industrial gases up to 450 bar (45 MPa)

ISN/TS 1468872 Hudroaen fuel Dradect enacification Dart 2- Dratnn aovehanae membrahe
OO 1+a4 0O 241y arogeri—+ues —FOGHCT—SPEeCHCAton —ait—=— 1A eXCriafge—-rHemorane
1ISD 15500-12 PRoad vehicles Compressed natural aas (CNG) fuel sustem combponents Dhrt
< O YU—+EL5 oA VeHEEeS SOMpFresSsSeaAattar-gas{ o/ HHerS)/Ste COMPOREAS Bt

ISP 15649, Petroleum.and natural gas industries — Piping

ISP/TR 159467 Basic considerations for the safety of hydrogen systems

ISP 16040, Elastomeric seals — Material requirements for seals used in pipes and fittings
cafrrying gaseous fuels and hydrocarbon fluids

ISO 16111:20082018, Transportable gas storage devices — Hydrogen absorbed in reversible
metal hydride

ISO 17268,-Compressed Gaseous hydrogen-surface land vehicle refuelling connection devices
ISO 19881, Gaseous hydrogen — Land vehicle fuel containers

ISO 19882, Gaseous hydrogen — Thermally activated pressure relief devices for compressed
hydrogen vehicle fuel containers

ISO 20898, Industrial trucks — Electrical requirements
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ISO 21927-3, Smoke and heat control systems — Part 3: Specifications for powered smoke and
heat exhaust ventilators

ISO 23551-1, Safety and control devices for gas burners and gas-burning appliances —
Particular requirements — Part 1: Automatic and semi-automatic valves

UN GTR No. 13, Global Technical Regulation concerning the hydrogen and fuel cell vehicles

UN Regulation No. 134, Uniform provisions concerning the approval of motor vehicles and their

aaaaiaasatastl co ool £ £ fotii vaolot sarfornson Fhudiaoaan foollad obinl /LIEI“V
C TTPUTTCTITS Wit TOYaAru 1o 1 SaT ey 1 CTatC U OCTTOUTTITAn C e UT 1Ty UT Oy CIT TOCTTC U VCTITCTS S (T 1T

3| Terms and definitions

Fdr the purposes of this document, the terms and definitions given in IEC 60050485 and the
following apply.

ISP and IEC maintain terminological databases for use in standardizafion at the followipg
addresses:

e | IEC Electropedia: available at http://www.electropedia.org/

e [ ISO Online browsing platform: available at http://www.isp{ong/obp

3.
abnormal operation
operation of the fuel cell power system with any onednechanical, electrical or control componegnt
mjalfunction or failure, in any failure mode regardéd as reasonably probable in the failure mofe

anld effects analysis (FMEA) but excluding accidental rupture or breakdown of the containers|of
flammable liquids,~vapeurs and/or gases

3.2

equipotential bonding
permanent joining of-metallic conductive parts to form a positive electrically conductive path
that provides electrical continuity.between non-current carrying-metal conductive parts and|is
capable of conducting any fault-current that-may can occur

Nofe 1 to entry: This applies to-bonding within the fuel cell-pewer system and between the fuel cell-pewer system
and truck and does not refetto‘the means to-ground earth the truck itself, such as with-a-greunding an earthing stfa
or with tires.-A =th o Adin Ay itive-means,-such-as-by-aclamp,—rivet—bo
welded ioin

3.3
check-valve
fluid controldevice that allows fluids to flow in only one direction

3.4
cireuit Iimited power circuit

circuit involving a potential greater than 42,4 V peak (30 V RMS) or 60 V DC and whose power
after 60 s of operation complies with the values outlined in Table 2B and Table 2C of
IEC 60950-1:2005 and IEC 60950-1:2005/AMD2:2013

Note 1 to entry: A circuit that is low voltage under both normal and single fault conditions is referred to in
IEC 60950-1 as a safety extra low voltage (SELV).

3.5
low-voltage circuit
circuit involving a peak open-circuit potential of not more than 42,4 V (30 V RMS) or 60 V DC

supplied by a battery, a fuel cell, a transformer having a-maximum—veolt-ampere—-{MA); rated

power output rating of less than 100 VA and a maximum secondary output of 30 V AC or by a
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combination of a transformer and a fixed impedance that, as a system, complies with
IEC 61558-1

Note 1 to entry: A circuit derived by connecting a resistance in series with a voltage supply circuit as a means of
limiting the voltage and current is not considered to be a low-voltage circuit.

3.6

dilution boundary

extent of a flammable area or zone created by a limited release of flammable gas-ervapeour,
internal to the fuel cell power system or truck in which it is mounted, and controlled by

mechanicalventilation-orother effective means

Note 1 to entry: This is outlined in [IEC 60079-10-1.

3.

electrostatic discharge
ESD

ek
trgnsfer of electric charge between bodies of different electrostatic potentials in proximity |or
through direct contact

[SOURCE: IEC 60050-561:2014, 561-03-06]

3.
fl;FI cell power system
generator system that uses one or more fuel cell modulés to generate electric power and hept

Note 1 to entry: See Figure 1 for a block diagram of a fuel cell power system.-Afuelcellpowersystem-may-contpin
atHer-seme-of the-components-shown-in-Figure—+ The fuel'cell power system for use with industrial trucks will bg in
ong¢ of the forms as outlined in 3.9 and 3.10.

[SPURCE: ) ifi iti
entry IEC 60050- 485 2020, 485 09 01 mOdIerd - addltlon of the Note to entry.]

3.
self-contained system
complete system incorporated;into its own housing that is intended to replace or combine wjth
a battery system to poweran-industrial truck

Note 1 to entry: Display«and control functions-may can be located outside the system's housing in proximity to the
opgrator's compartment. However, if counterweight is required outside the system’s housing or direct communicatjon
is required between the)system and the truck controller, then it will be considered an integrated system (see 3.1(Q).

3.10

integrated fuel cell power system
complete-system of fuel cell components and parts that are incorporated into the industrial truck
with the various parts of the system potentially distributed throughout the truck

3.11

hazardous-(classified)-areas zone

any work area or space where combustible dust, ignitable fibres, or flammable, volatile liquids,
gases,—vapours or mixtures are or-may can be present in the air in quantities sufficient to
produce explosive or ignitable mixtures as defined by IEC 60079-10-1

3.12

integral

something that is either contained within the fuel cell power system or is external to it, but is a
part of the fuel cell power system
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3.13

lower flammability limit

LFL

minimum concentration of fuel in a fuel-air mixture where a combustion can be ignited by an
ignition source

Note 1 to entry: A fuel-air mixture is flammable when combustion can be started by an ignition source. The main
component concerns the proportions or composition of the fuel-air mixture. A mixture that has less than a critical
amount of fuel, known as the lower flammability limit (LFL) or more than a critical amount of fuel, known as the rich
or upper flammability limit (UFL), will not be flammable.

3.14

maximum allowable working pressure
MAWP

maximum gauge pressure at which a fuel cell or fuel cell power system-may can be‘operated

Note 1 to entry: See Annex A for a comparison table of pressure terms.
Note 2 to entry: The maximum allowable working pressure is expressed in Pa.

Nofe 3 to entry: The maximum allowable working pressure is the pressure usedg insdetermining the setting| of
prgssure limiting/relieving devices installed to protect a component or system from @cgcidental over-pressuring.

[SPURCE: 6228 :2013,-3-86-3modified diti
485:2020, 485-17-03, modified — addition of new Note 1 to entry.]

=

v IEC 60040-

3

3
maximum operating pressure
MOP

highest gauge pressure of a component or the system that is expected during normal operatipn

Note 1 to entry: See Annex A for a~comparison table of pressure terms.

3.16

ngrmal release
limited-irternal localized volumes of-flammable-vapeur hydrogen concentrations released duripg
ndrmal operation(that-may can include fuel cell purge

3.17

ngrmal operation
alll operating and non-operating modes encountered during product use that are not the resplt
of ladralfunction or failure

3.18

pressure relief device

PRD

pressure and/or temperature activated device used to prevent the pressure from rising above a
predetermined maximum and thereby prevent failure of a pressurized part or system

3.19

thermally activated pressure relief device

TPRD

pressure relief device (3.18) activated-thermally by temperature
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3.20
risk assessment
overall process comprising a risk analysis and a risk evaluation

3.21
risk analysis
systemic use of available information to identify hazards and to estimate the risk

d

ry
to

service pressure

ngminal working pressure
pressure, as specified by the manufacturer, at a uniform gas temperature of 15 °C and with full
gas content

Note 1 to entry: This term only relates to the hydrogén pressure vessel.

Note 2 to entry: See Annex A for a comparisonitable of pressure terms.

zone system of classification
means for classifying areas within the fuel cell power system using the methods outlined in
IEC 60079-10-1



https://iecnorm.com/api/?name=b9405d7d1d86dbad9552f32fbecc996f

IEC 62282-4-101:2022 RLV © IEC 2022 -19 -

4 | Construction requirements for.safety

4, General

Arny component of a product covered by this document shall comply with the requirements for
that component. Normative'references for standards covering components used in the produgts
covered by this document-are given in Clause 2.

—

A component is nof{required to comply with a specific requirement of the normatively referenced
standards that:

— | involvesfa-feature or characteristic not required in the application of the component in the
product_covered by this document,

— | is superseded by a requirement in this document, or

— LisSeparately investigated when forming part of another component, provided the compongnt
is used within its established ratings and limitations.

Any component shall be used in accordance with its rating established for the intended
conditions of use.

Specific components are incomplete in construction features or restricted in performance
capabilities. Such components are intended for use only under limited conditions, such as
certain temperatures not exceeding specified limits, and shall be used only under those specific
conditions.

A component that is also intended to perform other functions such as overcurrent protection,
ground-fault circuit-interruption, surge suppression, any other similar functions, or any
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combination thereof, shall additionally comply with the requirements of the applicable standard
that covers devices that provide those functions.

4.2 Hydrogen and other fluid containing parts

4.2.1 General

Pr

essure or fluid containing parts shall be resistant to the action of the fluid.

Metallic parts containing hydrogen gas shall be resistant to hydrogen embrittlement as gutlin

in
fo
IS

W

pe
CO|

An
wh

parts), shall be suitable for the application as determined by SO 1419, ISO 1421, ISO 1322

IS
An
TH
gu
aff

4.]
1)

2)

3)

ISO/TR 15916. If employing a material other than as outlined in ISO/TR 15916, an evaluati
susceptibility to hydrogen embrittlement will need to be conducted in accordance w
D 11114-4 or ISO 2626.

here atmospheric corrosion of a part containing fluid interferes with its intended function,
rmits external leakage of a fluid creating a hazardous condition, thepart shall be made
rrosion-resistant material or is to be provided with a corrosion-resistant protective coating

y elastomeric parts, relied upon for safety such as a seal for|fluids other than hydrogqg
ich could create a hazard when leaked (for example, a gasket'between electrical and wett

D 16010 and ISO 4675, as applicable.

y elastomeric parts employed as a seal for hydrogen shall be suitable for use with hydrogg
e elastomeric materials outlined in ISO/TR 18916 shall be considered for reference a
idance. The material shall be evaluated for tensile strength and elongation as-received a
er oven-ageing (based on service temperatures) in accordance with 5.20.

p.2 Piping, hoses, tubing and fittings

Where conveying gases-or—vapbldfs at gauge pressures exceeding 103,4 kPa, liquids
pressures exceeding 1 103 kPa, or temperatures exceeding 120 °C, piping and associat
component parts shall be, designed, fabricated and tested to conform to all applicah
specifications of ISO 15649.

piping shall be evaluated to the requirements of this document with consideration given
materials and fluids contained and service conditions, including pressures a
temperatures/Nen-metallic piping containing gaseous hydrogen or methanol fuel shall
designed, fabricated and tested to the additional requirements in 6).

Non-metaltic hoses used for gaseous hydrogen or methanol fuels located outside the fi
cell pewer system and subject to physical stress shall meet the hydrostatic testing, adhesi

ed
on
th

or
of

at
ed
le

Piping utilized at levels_ below the pressures and/or temperatures noted in 1) and nonmetallic

to
nd
be

on

(rubber only), flexibility, low-temperature flexibility, ozone resistance (for hoses with

an

auter protective cover of rubber), UV resistance (for hoses with plastic cover), permeabiljty

suitable for service with hydrogen fuel, or the fluid contained (i.e. methanol), in accordance
with 4.2.1. Flexible hoses longer than 1,5 m shall have a stainless-steel wire braid
reinforcement.

Flexible metal connectors and associated fittings, when used for conveying gaseous
hydrogen, shall comply with ISO 10806 and ISO 10380, as required.

A hydrogen fuel line shall be supported to minimize chafing and to maintain at least a 51 mm
clearance from exhaust- and electrical-system parts.

a) Electrical equipment and sensors in limited power circuits that do not have enough
electrical energy to damage a fuel line are not required to comply with this requirement.

b) If it can be demonstrated that the fuel lines and wiring are sufficiently supported to
prevent the clearance from being reduced to less than 12,7 mm, the clearance between
fuel lines and electrical-system parts can be reduced.
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6) Non-metallic hydrogen and methanol fuel lines shall:

— be protected within ventilated enclosures where they will be subject to a minimum of
mechanical or physical stresses;

— be conductive to avoid static discharge. Compliance is determined by the continuity test
of 5.10 2) for metal fuel lines, and of 5.10 3), for nonmetallic fuel lines;

— employ materials that have been evaluated and found suitable for the fluids they contain
with consideration given to temperatures they are exposed to during service. Compliance
shall be determined by 5.20 and 5.21, as applicable; and

= r‘nmlr_\ly with the ESD rnqnirnmnnfe for SO 2008 or 1ISQ 4038 when connected between
the fuel system and the stack.

7)| Pipe, tubing, fittings, and other piping components shall be capable of withstanding| a
minimum hydrostatic test of 1,5 times the rated service pressure without structunal failufe.
Exeception: High-pressure pipe, tubing, fittings, and other piping components-shall havqg a
safety margin equivalent to the storage cylinder in use. See 4.2.3.

4-A

1)| Pressure vessels shall be specifically designed for the service conditions of the industrjal
truck application that include the maximum number of fill cycles’ expected, the ranges|of
pressures and temperatures expected during operation and filling, the effect of hydrogen
on fatigue life and the frequency of inspection.

™Y

.3 Hydrogen pressure vessels

2)| With reference to 1), a pressure vessel shall be designed,) manufactured, and tested wjth
the following conditions and limitations:

a) container Category C defined in ISO 19881 shall@pply;

b) for Type 1 vessels, the vessel shall be «designed and tested in accordance wijth
ISO 19881;

c) the term "working pressure" of the vessebas defined in ISO 19881 is identical to "service
pressure” in this document;

d) for Type 3 and Type 4 vessels, the'vessel shall be designed and tested in accordance
with ISO 19881, UN GTR No.13~and UN Regulation No. 134;

e) the vessel shall be designed~for the excepted life of the fuel cell power system and rot
fewer than 11 250 full fil<¢ycles.

NOTE “11 250 full fill cyeles”, for example, 3 refills/day, 365 days/years, 10 years = 10 950 cycles.
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3)

4)

5)

6)

7)

8)

4-A

Fy
Cl

4.]
1)

A pressure vessel and fill fitting shall be placed within the plan view eutline of the industn
truck or placed in an enclosure as defined in 4.13 and located to minimize the possibility
damage to the vessel or hydrogen-related fittings.

An excess-flow and check-valve, if present, shall be directly, Connected to the pressy
vessel or mounted in line with the pressure vessel, where there is no shut-off device
between the pressure vessel and the check valve, so as’to-minimize the negative effects
shock, vibration and accidental damage.

The refuelling line shall be fitted with a redundant check valve for the check valve in t
receptacle specified in ISO 17268.

Pressure vessels shall have a provision for being de-fuelled (de-pressurized) and purged
hydrogen using an inert gas as outlined dn)the operating instructions or the maintenan
manual, as applicable, provided with the>fuel cell power system.

A manual valve to isolate the fuel supply shall be located near the pressure vessel so th

the fuel supply to the fuel power;system can be shut off for maintenance or long-tef

storage.

The hydrogen pressure vesselshall be permanently mounted to the fuel cell power systs
module or to the industrialtruck to ensure the pressure vessel does not become dislodg
while in use and is not-removable for refuelling.

.4 Metal hydride container

el storage systems using hydrogen stored in metal hydrides shall comply with Clause
huse 5, and Glause 6 of ISO 16111:20082018.

.5 Methanol fuel tank
Methanol fueltanks vessels shall be constructed of suitable materials in accordance w

4.1 and 4.2.2 and shall meet the requirements as noted below. Such vessels, and th

at

m

4!

th
Bir

2)

3)

4)

IU:dtb‘d jUiIIib dlluI fiitillgb, b;ld” Il.)c Ulcbigllcul alluI bUIIbtlubtUul WI“I au'cqucltt: btlb‘llg“l
functionality and leakage resistance to prevent unintended releases.

Methanol fuel-tanks vessels shall be specifically designed for the service conditions of t

or

he

industrial truck application that includes the ranges of pressures and temperatures expected

during operation and filling, the effect of methanol on fatigue life of the tank, and t
frequency of inspection.

he

A manual valve to isolate the fuel supply shall be located near the fuel tank so that the fuel
supply to the fuel cell power system can be shut off for maintenance or long term storage.

A methanol fueltank vessel and fill fitting shall be placed within the truck envelope or plac
in an enclosure as defined in 4.13, and located to minimize the possibility of damage to t
tank vessel or fittings.

ed
he
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5) The methanol fuel tank shall be permanently mounted to the fuel cell power system module
or to the industrial truck to ensure the tank does not become dislodged while in use and is
not removable for refuelling.

4.3 Refueling

The refueling interface shall correspond to the container pressure rating (see 4.2.3 2)c)) and
shall be in accordance with ISO 17268.

4.4 Over-pressure and thermal protection

1)] The hydrogen pressure vessel shall be protected from the effects of fire by a nonreclosing
thermally activated pressure relief device (TPRD) that is designed, manufactured and\tested
in accordance with14S0-15500-42 SO 19882.

2)| Components and piping located downstream of a pressure reducing valve that‘are rated|to
a pressure that is lower than the maximum inlet pressure of the pressuremeducing valye
shall be protected from over-pressure in the event of a failure of the pressure reducing valyve

by way of a pressure relief-valve-orpressure-relief device.

3)| Pressure relief devices shall be suitable for their application, including materials in contact
with hydrogen and pressure and flow ratings.

4)| Pressure relief devices operating at over 1 000 kPa shall be sized and designed to limit the
pressure during a fault to less than 110 % of the maximum allowable working pressure. Re-
closure shall occur at no less than 90 % of the set point. (Pressure relief devices operating
at or below 1 000 kPa shall be sized and designed to limif,the pressure during a fault to lefss
than 125 % of the maximum allowable working presstre. Re-closure shall occur at no less
than 90 % of the set point. Fuel cell stack &hall be protected in accordance wjth
IEC 62282-2-100.

5)] When provided, pressure relief discharge piping shall be sized to ensure compliance wjth
4.4 4).

6)| A pressure relief-valve device shall havelits discharge located so that operation of the nampd
device does not result in a hazardous situation such as:

a) hydrogen gas in excess of 25% of the lower flammability limit (LFL) escaping to gn
unclassified or pressure-confined area within the fuel cell power system. The discharpge
of the pressure relief-vale’device can be located within the fuel cell power system py
using an adequate ventilation or implementing an adequate safety-controlled system
composed of a hydrogen sensor and a hydrogen shut-off valve plugging the leak in case
of detection;

b) deposition of moisture on live parts that could create a risk of electric shock;

c) possible acgess of foreign objects, moisture or debris to enter the venting system not
protected. by caps, covers or other means;

d) chancéfor the venting system to become unsecured or removed such that it would affect
thetintended flow path, or

e) \the pressure release being directed towards or impinged towards the normal operator
position.

7) A pressure relief device vent shall be secured at intervals in such a manner as to minimize
the possibility of damage, corrosion, or breakage of either the vent line or the pressure relief
device due to expansion, contraction, vibration, strains, or wear and to preclude any
loosening while in operation.

8) The vent system including the outlet connection of the relief device and associated vent
lines shall be designed to withstand the maximum pressure developed during full flow
operation of the relief device without becoming detached from its securement-and-without

the-ventcapif provided,from-being-expeHled. If provided, the vent cap shall be secured for
the safety.
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9) Pressure relief devices, as shown in the examples in Figure 2, Figure 3, and Figure 4, shall
be in accordance with ISO 15649.

"Press relief vent system
5 i
i Ventline !
1
Manual valve ! |
Va ~\ ] : | :
1
{ Storage tank J;m —X'_ : ' Fuel cell system
1
| 1
Regulator ! :
TPRD G }
IEC
Aininiaiaiaiaieieiataiaiaiatele” ol Vent system
i Press relief ;
; Ventline
Manual valve i i
[ Storage vessel [,>\] i E Fuel cell system
Regulator i E
TPRD L e e e e e :
IEC

Figure 2 — Example of-a diagram with vent system covering
components downstream of the regulator
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== = Pressrelief ~ ----------------- Vent system
' /
1
! !
! Vent line '
' Manual valve i
| ( Y =, | !
! L Storage tank Fuel cell system '
1 1
! Regulator |
.. TPRD .. :
IEC
T TTm e Press relief ----------------------- Vent system
i Vent line i
! Manual valve E
i [ Storage vessel Fuel cell system E
i Regulator i
1 TPRD E
"""""""""""""""""""""""""""""""""""""""""""""""""""""" IEC

Figure 3 — Example of a diagram with vent system coyering all components
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—————————————————————————————————————————— Press relief ~ -----------------

' Vent system
I Manual valve i
1 1
1 1
' [ Storage tank '
1 1
I TPRD = . !
i Vent line i
| Z?f:k““ |
1 1
: Fuelcell-svystem :
. L % . Fueleellsystem :
Regulator i
Manual valve |
1
1
[ Storage tank i
|
1
TPRD :
"""""""""""""""""""""""""""""""""""""""""" : IEC
== e e Press relief ----fzcismmmmomaaa Vent system
i Manual valve :
i [ Storage vessel i
i TPRD Vent line ;
; ~{>El<} Fuel cell system -
i Regulator :
; Manual valve -
E [ Storage vessel J%— E
i TPRD ;
b bbb bbb batdde. .\ Jalaiitded ettt ' IEC
Figure 4 — Example of a diagram with vent system covering
all components in a multiple storage-tank vessel system
4.5 Regulators
THe gas pressure regulator shall be equipped with a vent limiter or a vent line.

4.6

Operating and shut-off valves

1) Valves shall be rated for the application, including pressure, temperature, fluids contacted,

2)

and electrical ratings, if applicable.
a) Electrically operated valves shall comply with-4+-EC-60730-2-17 ISO 23551-1.

b) Valves for high pressure piping shall be tested in accordance with ISO 15649, instead
of the external leakage test and the hydrostatic strength test of ISO 23551-1.

c) Valves for flammable fluids shall comply with ISO 23551-1.

Fuels supplied to the fuel cell power system shall be supplied through fuel lines provided
with at least one automatic safety shut-off valve. The safety shut-off valve-may can also be
an operating valve. The closing time for a safety shut-off valve shall be no greater than 5 s.
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3)

4)

5)
6)

If an emergency manual shut-off valve is deemed necessary according to 4.16, it shall be

in a readily accessible location and shall not have more than 90° rotation from the open

to

the closed positions. Any key or tool shall not prevent access to the manual shutoff valve
i . The valve shall be securely mounted and
shielded or installed in a protected location to minimize damage from vibration or collision.

Where a manual valve is used, the valve shall be indicated with a marking in accordan
with Clause 7 3)f).

ce

Electrical and other automatically operated safety shut-off valves shall fail in a safe position.

Electrical valves located in classified areas shall be rated for the area of classification.

ing

T Filters

and fluid filters shall be suitable for the application and readily accessible if required to
pected, cleaned, or replaced.

4.8 Pumps and compressors

1)

2)
3)

4)

Air compressors and air vacuum pumps employed in the system shall comply w
ISO 10442.

Water pumps shall comply with IEC 60335-2-41.

Chemical and gaseous hydrogen pumps and compressaorsshall be evaluated to t
applicable material compatibility requirements, mechanijcal; and electrical requirements
this document.

A flammable fluid compressor or pump with rotating or other type dynamic seals, shall

provided with adequate ventilation so that small teleases of hydrogen-eretherflammat
vapeur under normal operating conditions shall not allow the concentration of-flammal
vapours hydrogen to be above 25 % of the lewer flammability limit (LFL) in the unclassifi
areas of the fuel cell power system during.nermal release.

4.9 Electrically operated pressure sefising and controlling devices

1)

2)

Pressure activated switches and transducers shall be rated for the application. A pressu
regulating control for a flammable‘or combustible fluid shall be suitable for its classificati
and the fluid it contains.

The maximum operating ‘pressure of a pressure limiting or regulating control shall n
exceed 90 % of the operating pressure of a pressure relief-valve device. An accessible a
adjustable pressure regulating control that can exceed the limits of the system shall

reliably sealed at the maximum operating pressure at which it is intended to operate.

.10 Ventilation-to’prevent the build up of flammable gases-and-vapours

A fuel cell.power system shall be provided with adequate ventilation so that normal releas|
under nermal operating conditions shall not allow the concentration of-flammable-vapey
hydrogen to be above 25 % of the lower flammability limit (LFL) in the unclassified zones
the~fuel cell power system. This normal release shall include nominal stack fuel leaka
rates or fuel purges that-may can occur during operation.

on
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2)

3)
4)

5)

Thedituted—concentrations—of—farmmable—vepours hrydrogenm exiting—the—fuet—Ttet—pow

er

system even during abnormal operation shall not exceed 25 % of the lower flammability limit

(LFL).

NOTE See IEC 62282-3-100 or IEC 62282-5-100.

The extent of a flammable region at a source of limited release (dilution boundary) shall
determined through appropriate analysis as outlined in IEC 60079-10-1.

be

Equipment located within the dilution boundary shall be suitable for the classification.

Reference-may can be made to IEC 60079-0.

Abnormal releases of flammable fluids shall not create a safety hazard in accordance with
4.16, and shall result in the appropriate action, including the prompt shut down of the
equipment, if necessary, that will mitigate the hazard or prevent the creation of additional

hazards.
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Mechanical ventilation shall be provided to keep the dilution boundary of 25 % lower
flammability limit (LFL), under conditions of normal release, away from the unclassified
components. Failure of ventilation shall cause the fuel cell power system to respond in such
a way that shall mitigate any hazard or prevent the creation of additional hazards in
accordance with 4.16. This-may can include shutting off, either through the detection of high
gas/ivapeur concentration or with ventilation interlock provisions.

a)—ExceptionNo—+: Limited, localized volumes of—flammable—vapour hydrogen

concentration within the fuel cell power system-may can momentarily exceed the 25 %
LFL of the-flammable—~vapour hydrogen, but it shall be determined, in accordance with
4.16, that this transient condition does not create a safety hazard.

7)

8)

10

11

2)

.11 Electrostatic discharge (ESD)

b)—Exeeption-Noe—2: Mechanical ventilation is not required if it can be determined thaf\the
flammable gas/vapeour concentration level falls below 25 % LFL under any conditions|of
normal release.

If gas detection is employed as a critical safety component in the fuel cell power system,
the gas detection system shall comply with IEC 60079-29-1 and IEC 60079-29-4. Gps
detection systems shall be located where they can most effectively measure the
accumulation of—vapeur hydrogen within the fuel cell power system™~and monitor the
ventilation output as determined necessary.

If gas detection is employed as a critical safety component in the-fuel cell power system| it
shall be located in a control circuit that complies with |EC 60730-1:2013,
IEC 60730-1:2013/AMD1:2015 and IEC 60730-1:2013/AMbB2:2020, Annex H, and [in
accordance with 4.15.1 of this document.

In case of hydrogen leakage, the shut down valve shall be”automatically operated. Similarly,
the electrical switch shall be automatically shut dowyn. The safety hydrogen sensor shiall
remain operational provided this does not increase the risk. In case of hydrogen safgty
sensor failure, the shut down valve shall be automatically operated. Similarly, the electrigal
switch shall be automatically shut down. Censidering battery and tank safety testing, the
appropriate documents such as IEC 62618.8hould be applied.

) Ventilation openings and ducts shall netbecome obstructed or compromised when the fyel
cell power system is normally operated'in the truck.

) Fans, blowers, and other devicesiemployed for the ventilation system shall be suitable for
the application. If fans and ventitators are used as the primary safety mechanism to prevegnt
the build-up of flammable gasfrapeur, the failure of the ventilation system shall not cregte
a safety hazard in accordanee with 4.16. Fans shall comply with IEC 60335-2-80. Ventilatgrs
shall comply with 1SO,24927-3.

=

Hydrogen fuel containing parts and parts within classified zones (see 3.26) of the equipmagnt
shall be constructed of materials that do not promote static discharges.

The exposed portion of moving metal parts such as fan blades and wheels, located|in
classified“areas of the system shall be made of, or covered with, medium brass, bronze,
copperor aluminum with hardness not more than Rockwell B66. Energy storage components
such)as batteries or ultracapacitors, and major power electronics components, such as fyel
cell stack module, shall have their external conductive cases equipotentially bonded.

3)

4)

5)

Components with non-current carrying metal parts and cases located in classified zones
within the equipment shall be equipotentially bonded.

When a self-contained fuel cell power system is installed in a truck, a conductive path shall
be provided between the fuel cell equipment components requiring equipotential bonding

and-the-grounding-means-of the chassis of the truck.

Any fuel receptacle on the fuel cell power system provided for refuelling shall be
equipotentially bonded to the-truck fuel cell power system chassis.



https://iecnorm.com/api/?name=b9405d7d1d86dbad9552f32fbecc996f

IEC 62282-4-101:2022 RLV © IEC 2022 - 29 -

6) Markings and instructions regarding the hazard involved with the buildup of static discharge
and the means to mitigate this hazard shall be in accordance with Clause 7 3)d) and 8.4 2).

4.12 Discharges including methanol emissions and waste materials

1) The fuel cell power system shall be constructed so that waste materials, including water,
are not exhausted, discharged or leaked in a manner that could create unsafe conditions.

2)

2)

3)

4)
5)

6)

Emissions from methanol fueled fuel cell power systems shall not exceed safe limi
Compliance is determined by the emission of effluents test of 5.16. Systems shall

designed to prevent emissions from entering the passenger compartment of the ‘€nd u
industrial truck application.

3 Enclosures

A fuel cell power system shall be enclosed for protection from acgess by persons
electrical parts, safety circuits, hazardous moving parts, hot surfaces,7and other parts th
may can be a risk of injury.

Openings in a fuel cell power system enclosure of hazardous parts shall be located a
sized to provide adequate protection from access to hazardous parts complying with
minimum IPXXB or IP2X minimum rating as outlined in IEE 60529.

An external enclosure for a fuel cell power system provided with an IP rating-fer-ingress

vebomith-hormminl otioete chall commalboviith A of B0 L oo oloe D0 of B 40 1 i accordan
with Clause 7 2)j) shall comply with the rain test if,5:17.1.

An external enclosure shall comply with the test*of 5.18.1, unless the required protection|i

provided by the truck for an integrated fuel cell*power system.

Non-metallic enclosure materials shall be*flame rated V-1 minimum in accordance w
IEC 60695-11-10 or shall comply with.the’test for thermoplastic materials in 5.19.

Any thermoplastic enclosure of a fugl cell power system shall be suitable for the range
temperatures that it is subjected-t@;during use.

The system enclosure shall_be-se designed-that-water{e.g-—rain—condensate)can'tst
inside-the—enclosure to prevent the accumulation of liquids inside the enclosure.-Drai

should-be-integrated-intherenclosure: Drains are one potential means for compliance.

LV
ot

Is.
be
se

to
at

)

2)

3)

.14 Fuel cell power system electrical components Electrical system

% ® _‘P FS

M t—Generat

Electrical components shall be rated for the application and conform to the appropriate
document for those components. They shall be located and secured so that they are not
adversely affected by vibration, temperature, environment and other effects during normal

operation of the fuel cell power system.

If electrical equipment internal to the fuel cell power system is located in hazardous zones,

it shall be identified—hazard—Reference—could—be—made and managed according
IEC 60079-0.

EMC is subject to regional requirements. See ISO/TS 3691-7 and ISO/TS 3691-8.

to
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4.14.2 Internal wiring

1)

2)

3)

Internal wiring shall consist of any of the following:
a) general-use wire specified in-tEC-60204-1 |[EC 60364 -or;
b) appliance-wiring material of one or more of the types specified in Table 1.

The wiring shall be considered with respect to the temperature and conditions of service
which the wiring is to be subjected in the end truck installation.

22

to

Exception: At the connection to a component, wiring is permitted to extend beyond the braid

for a length of no more than 254 mm.

4)

5)

6)

7)

8)

9)

10

11

12

13

Appliance-wiring material having a thickness of insulation less than the minimum acceptal
value specified in Table 1 is permitted for a particular application, provided the insulation
considered with respect to temperature and conditions of service and is equivalen{ to o
of the materials specified in Table 1.

A bare conductor is permitted to be insulated with insulating tubing-erwith-népearbonizat
beads.

Wiring shall be protected against mechanical damage by:

— enclosing it within the fuel cell power system enclosure for self:contained fuel cell pow
systems, and

— enclosing it within the body of the truck for integrated fuel.cell power systems.

A conductor connected to a moving or movable part that) cannot be protected, shall
designed for the intended use and shall comply with the test requirements in this docume
Consideration shall be given to the resistance of the\conductor to damage resulting frd
flexing, abrasion, or impact. Flexible metallic £onduit is to be used only for flexil
connections subject to small and infrequent movements.

Wiring connections to a continuously mowving part, or a part for which the degree
movement is appreciable, shall be in accerdance with IEC 60227-5.

e
S

er

be
nt.
m
le

of

Exeception: The tubing-may can be omitted from exposed moving conductors that are readily

visible to the operator and are, therefore, subject to replacement when damaged. T
maintenance manual shall include-instructions regarding inspection of these conductors
replacement when damage occurs’in accordance with 8.2 5).

) All of the-splices—and connections shall be mechanically secure and shall provide electric
contact without stress on.connections and terminals. A-splice connection shall be provid
with insulation equivalent-to that on the wires involved.

) A hole, through which insulated conductors pass, shall be provided with a smooth, round
bushing, or shall‘have smooth, rounded surfaces upon which the insulated conductors m
bear.

) Wireways shall be smooth and free from sharp edges, burrs, fins, or moving parts that-m
can damage wiring.

) An internal-wiring connection shall be made with a solder lug or pressure termir
connector.

14

he
or

al
ed

By

al

) ‘Exception: Control wiring and other small conductors, which are connected by crimped

or

soldered special-type lugs or eyelets including barrel terminals or by ultrasonic welding a
that are insulated in accordance with 7), comply with the intent of this requirement.

nd

15) A terminal lug shall be arranged so that in any position it cannot contact either the metal

enclosure and non-energized accessible metal parts or other electrical circuits, or the sha
of the lug shall be provided with insulation equivalent to that on the conductor.

nk
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Table 1 — Appliance-wiring material

Wire insulation Minimum acceptable average insulation thickness

mm

Rubber, neoprene or thermoplastic (PVC) 0,38 plus an impregnated braid, or 0,75 without a braid

4.14.3 External wiring

1)

2)

3)

4)

1)

2)

An external electrical output lead shall be of a size and capacity such that for a-centinug]
maximum rated power output, the insulation temperature does not exceed its rating
maximum ambient temperature. It shall be provided with insulation able to withstand<{lexin
handling, and impact at temperatures between 50 °C and —20 °C. If intended forlexposU
to extreme temperatures above 50 °C and at or below —20 °C, the lead shall .comply w
5.22. The average insulation thickness shall be fixed in accordance with IEC'60227-3. T
length of the lead and connector assembly shall be as short as practicable withg
interfering with the disconnecting operation and without placing stress ‘on terminals wh
installed in the truck.

An external electrical output connector shall be rated for the output of the fuel cell pow
system. Live parts shall be recessed from the face of the connector to reduce the possibil
of shorting. A removable portion of the connector shall be provided with means for bei
grasped during removal. The connector shall be located,'to provide mechanical protecti
when the fuel cell power system is installed in the end usé.

External wiring shall be protected against mechanicalldamage by
a) enclosing it in the body of the truck,

b) enclosing it in a metal raceway such asarmored cable, rigid metal conduit or electrig
metallic tubing, or

c) protecting it with metal, phenolic:.cemposition, or other thermosetting material havi
equivalent mechanical strength, and resistance to impact and having no grea
combustibility than phenolic.

This enclosure or protection shall be such that any flame or molten material, which-may c
be caused by an electrical disturbance in the wiring, cannot reach surrounding combustik
material.

Exception—No—1: This_requirement does not apply to flexible external leads that requ
flexibility for disconnection, output leads of the fuel cell power system for example, tH
comply with 1).

Exeception-Not2:- This requirement does not apply to leads that, if damaged, do not res
in a hazard.

4.4 Emergency switching off requirements (disconnection) for connections for fuel

cell power system
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An,emergency switching off control or battery connector when used as an emergen

9
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all times.
The emergency switching off device shall be capable of interrupting without danger t

at

he

power supplies to all moving elements where an interruption does not increase the potential

risk. It shall be capable of interrupting the normal maximum current (including motor starti
current) by one of the following methods:

ng

a) fuel cell connector for voltage up to and including DC 120 V DC. Above 120 V DC,

provision shall be made to prevent the use of the battery connector for emergen
switching off purposes;

b) manually actuated power switch directly disconnecting one line of power supply;

c) manually actuated control switch disconnecting the power supply to the coil of o
contactor in one line of the power supply. Simultaneously the power controller (e

cy

ne
.g.
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inverter or controller for separate excited motors) shall be deactivated. In trucks driven
by series-wound DC motor(s) with mechanical commutator without power controller, two

independent contactors are necessary to switch off battery supply.

In the case of b) or c), they shall be a positive action type in accordance with IEC 60947-5-1

and the actuator coloured red. See also IEC 60947-3.

A contrasting colour shall be used if the background is red.

It shall be possible to re-establish the power supply to the moving elements only by manual

resetting of the switching off device followed by the normal operation of the controls.

If the fuel cell connectoris used as an emergency switching off system the removable part
~J 7J ~J 7 7 Ll

4)

4.14.5 Motors

2)

2)
3)

4,

In
co

.14.6 Switches and motor controllers

.14.7 Transformers and power supplies

of the connector shall have a means for disconnecting without damage to the fuel'\c
connectors or cables.

When the connector is used for emergency switching off, the device shall be €apable
being disconnected quickly in case of emergency and the two half-connectors-shall be ah
to be separated easily. The maximum force to separate the two half conngéctors shall n
exceed 150 N.

tors shall comply with IEC 60034, unless they are located in limitfed*power circuits.

motor cannot comply with this requirement if located in a low véltage circuit.

A motor controller or switch shall be rated for thé-load that it controls. A motor control
shall have the current interrupting capacity notiess than the locked rotor load of the mo

requirements for motor controls as specifiedth ISO 20898.

the switch has been investigated and found acceptable for the application.

protection.

Class 2 and Class 3.transformers shall comply with IEC 60950-1 or IEC 61204-7.
Power supplies_other than Class 2 shall comply with I[EC 60950-1 or IEC 61204-7,
applicable.

4.8 Inverters, converters and controllers

erters)converters and controllers shall be subjected to the abnormal condition tests (fault
mpaonents) of tEC-62103 IEC 62477-1.

4.
1)

49— tamps and tamphotders

ell

of
le
ot

er
or

controlled in accordance with IEC 60204-1 and shall comply with the additional

A switch that controls an inductive loadCother than a motor, such as transformer, shall not
be less than twice the rated full-load<current of the transformer, or similar device, unless

Transformers located in -hazardous voltage circuits shall be provided with overcurrgnt

4%
o

Lamps and lampholders shall be totally enclosed. A lamp lens shall be protected against

mechanical damage by bars, grids, recessing or equivalent means.

2) A light emitting diode (LED), vacuum fluorescent display (VFD), backlit liquid crystal display
(LCD), and any other display that-may can be a source of ignition when mechanically

damaged shall be protected against mechanical damage.

4.14.10 Energy storage components

4.14.10.1 Batteries

1) Secondary lithium batteries shall comply with-+EC-682433 IEC 62619 and shall be protected
from reverse polarity charging.-Lithium-cells-shall-be-provided-with-the-appropriate reverse

Shorctac—srstoetiondn o botiom il
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2) Lead acid type batteries shall comply with IEC TS 61430.

3) Other chemistries, such as nickel-cadmium or nickel-metal-hydride cells, shall comply with
IEC 62133-1.

4) For batteries employed as a fuel cell power system/power battery combination:

a) Cells employing metal containers, such as alkaline batteries, shall be insulated from one
another and from a metal tray or metal battery compartment. Insulation of wood or other
material shall be:

i) treated or painted to reduce deterioration by the battery electrolyte, and

i) _constructed to reduce the risk ol damage to the insulation during the normal
operation and maintenance of the truck.

Battery terminals shall be connected in a safe way avoiding any~possibility that| a
conductive component could connect battery terminals generating,an electric arc.

c) Battery terminals shall be protected by insulating boots or coyers, if applicable.

5)[ExceptionNo—1: A terminal that is intended to be connected o |ground on the truck frame
need-neot can be provided with a boot or cover.

(D
o
z
=
B
o

H

.14.10.2 Double layer capacitors (ultracapacitors)
Fdr ultracapacitors employed as a fuel cell power system/ultracapacitor combination:

1)| Integral charging circuits for ultracapacitors which shall comply with IEC 62391-1 apd
IEC 62391-2 shall be provided with_reliable means of protection from overvoltage chargipg
conditions and if necessary, overeurrent charging and discharging conditions.

2)| Ultracapacitors employing metalcontainers shall be insulated from one another and from a
metal tray or metal capacitorcompartment. Insulation shall be constructed to reduce the
risk of damage to the insulation during the normal operation and maintenance of the trugk.

3)| The metal container of an ultracapacitor that is connected to the negative electrode of the
capacitor (negative_electrode and the metal container or not insulated internally from each
other) shall be cansidered part of the negative electrode and shall be enclosed or providgd
with an insulating cover.

4)| Ultracapacitor terminals shall be connected in a safe way avoiding any possibility tha{ a
conductive component could connect ultracapacitor terminals generating an electric arc.

5) Ultracapacitor terminals shall be protected by insulating boots or covers, if applicable.

6) ExceptionNo—1: A terminal that is intended to be intentionally connected to ground on the
truck frame-need-not can be provided with a boot or cover.

7) Before maintenance or service of ultra-capacitors ensure they are fully discharged or the
circuit shall be safely disconnected.

4.14.11 Electrical insulation

1) Materials employed as electrical insulation shall comply with ISO 1798, ISO 2440, ISO 179
(all parts), ISO 180 and ISO 877 (all parts).
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The thickness of an insulating barrier employed as the sole insulation between uninsulated
live parts and non-current carrying metal parts or between parts of opposite polarity shall
be 0,71 mm thick minimum.

Exception: For a system with output rated 24 V DC or less, the thickness shall be 0,33 mm
minimum.

For a system rated more than 24 V DC, where there is a minimum of half of the required
acceptable spacing through air, a barrier or liner-may can be employed that has a minimum
thickness of 0,33 mm.

Exeception: For a system rated 24 V DC or less, the thickness shall be 0,15 mm minimum.

deffined in 4.14.12.

EH
CcQ

ExeceptionNo—3-Minimum acceptable spacings-maj~can be reduced from that outlined in Tak
2

1)

2)

3)

4)

.14.12 Limited power circuit

.14.13 Electrical spacings

imited power circuit shall comply with the test of 5.13.

e spacings in a fuel cell power system for industrial trucks shall not be less than as outlin
Table 2.

ception-No—+-Minimum acceptable spacings are not specified.in,a limited power circuit

lception-No—2-Minimum acceptable spacings within a component shall be determined by t
mponent document.

If the circuits are evaluated in accordance with I[EC 60664-1, and the following:

The reduced spacing requirements shall,not be used at electrical connections to the tru
or for spacings to a non-current carrying metal enclosure.

The fuel cell is to be rated for overvoltage category | and pollution degree 3 as defined
IEC 60664-1. Circuits provided with protective enclosures without ventilation openings
allow for the entrance of dust-humidity and other conductive debris-may can be consider
pollution degree 2 and circuits that are in hermetically sealed or encapsulated enclosur
may can be considered poltution degree 1.

In order to apply clearance B (controlled overvoltage) clearances, control of overvolta
shall be achieved by ‘providing an overvoltage device or system as an integral part of t
fuel cell.

(CTI) of 100 (material group IlIb).
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All printed wiring boards are considered to have a minimum comparative tracking index
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Table 2 — Spacings

Nominal voltage 24 V DC or less Nominal voltage greater than 24 V
DC?
Location
Through air Over surface Through air Over surface
mm mm mm mm
In a power circuit — between
a bare live part and (1) a
bate-live. pari of r\rr_\rr_\r\eih: 5 = W = Wi = 57 =
pplarity, or (2) a bare ’ ’ ’ '
grounded part other than the
epclosure

m a power circuit at a
gcation where conductive
st cannot accumulate, 0,8 1,6 1,6 3,2
Lich as a small totally
hclosed cavity ¢

(OB e N~

n other than a power circuit
between a bare live part
hd (1) a bare live part of
pposite polarity, or (2) a
pre grounded part other
han the enclosure

o |

1,6 1,6 1,6 1,6

- OO

n other than a power circuit
I a location where

bnductive dust cannot 0,8 078 0,8 0,8
ccumulate, such as a small

¢tally enclosed cavity 9

0O

—

- 0

etween any uninsulated
e part and the ultimate 12,7 12,7 12,7 12,7
hclosure ©

o =

etween any uninsulated
e part and the ultimate

=@

ehclosure where the

ehclosure is formed of 0,4 6.4 6.4 6,4

3}2 mm thick cast metal or

6l4 mm thick steel plate ©

NOTE A circuit is considered a power circuit if it supplies a motor-control circuit that is not provided with
olercurrent protection. A circuit is not considered a power circuit if it supplies a circuit with overcurrent protectign.

al Maximum of150'V.
These gpacings apply to a system not electrically connected to the frame.
¢l These spacings also apply to a nominal 24 V DC or lower-voltage system electrically connected to the fram¢.

Such as a point where a motor terminal passes through the motor frame.

¢ If deformation of the enclosure at the point of measurement of spacings is likely, the spacings after deformation
shall be as specified.

4.14.14 Separation of circuits

1) A limited power circuit shall be separated from all other circuits either by:
a) locating the circuit in a separate enclosure,
b) proving through-air and over-surface spacings as noted in Table 2, or

c) the use of barriers.
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2) An internal wiring insulated conductor of a limited power circuit shall be either separated by
barriers or segregated from live parts connected to different circuits or provided with
insulation acceptable for the highest voltage involved.

3) The barriers noted in 1)c)—are-permitted-te may be bonded metal of not less than 0,51 mm
thickness or of insulating material of not less than 0,71 mm thickness.

4) Conductors of circuits operating at different potential shall be reliably separated from each
other unless they are each provided with insulation acceptable for the highest potential
involved.

5) Electrical separation of an individual circuit shall be applied according to the requirements
of [EC 60364-4-41:2005, Clause 413.

4.15 Control circuits

4.15.1 Safety controls

1)| Electronic circuits relied upon for safety (a safety critical component, for example) shall pe
evaluated in accordance with IEC 607030-1:2013, IEC 60730-1:2013/AMD1:2015 apd
I[EC 60730-1:2013/AMD2:2020, Annex H.

2)| Software relied upon for safety as a safety critical component shall be evaluated |in
accordance with level C given in ISO 13849-1. The electronicthardware of the softwdre
safety system shall be evaluated in accordance) Wwith [EC 60730-1:2013,
IEC 60730-1:2013/AMD1:2015 and IEC 60730-1:2013/AMD2:2020, Annex H.

3)| As an alternative, electronic circuits and programmablé- software controls relied upon for
safety can be evaluated according to IEC 61508 (all parts) or ISO 13849-1 and ISO 13849-2.

4.15.2 Start

1)|] The start of an operation shall only be possible’when all of the safeguards are in place and
are functioning in accordance with 4.16. Théfuel cell power system shall be started only py
an intentional operation of the start sequence unless it is determined that there is minimal
risk with automatic restarting as determifed by 4.16.

2)| Restart of the fuel cell power system from a stop shall not result in a hazardous conditipn
as determined by 4.16.
4.15.3 Drive off

1)| The fuel cell power system shall include means to minimize the likelihood of moving the
industrial truck with th€ fueling hose attached.

NQTE The drive off proteGtion means can include an interlock switch in the fueling receptacle, an interlock cirquit
compnected to the dispensen or other means.

2)| Switches, circuits, and the like used for drive off protection shall be suitable for the logal
area classification in which they are used. See 4.10 4).

4.15.4 Ewmergency stop

Fyelicel power systems shall be provided with an emergency stop mechanism.

4.16 Safety/hazard-analysis Risk assessment and risk reduction
The manufacturer of the fuel cell power system shall conduct a—failure—modes—and-effects
! e A e . YR i s X .

of-the-system risk assessment and perform risk reduction using the principles and methodology
in accordance with 1ISO 12100, IEC/ISO 31010, IEC 60812, and IEC 61025.

Hazards addressed in the risk assessment and risk reduction include but are not limited to:

a) mechanical hazards, such as sharp edges or corners, protruding parts, moving parts, rotating or sliding parts,
mass, and center of gravity;

b) liquids;
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c)
d)
e)
f)

5

flammable or pressurized gases;
risk of fire and electric shock;
temperature, such as hot surfaces;

loss of output (loss of power to the industrial truck) and loss of control.

Performance requirements for safety and type tests

5.1 General

1)

2)

5.]

5.1
1)

2)

3)

4)

5)

5.]
Th

manufacturer.

5-A

Th
Wi

controls set to maximum normal limits, unless otherwise noted in the test methods.

As a result of the tests in 5.2 to 5.22 there shall be no leakage from parts containing gt
or gas that would result in a hazardous condition, unless otherwise noted.

P Vibration test

.1 General

A fuel cell power system shall be subjected to a system vibration test in both the vertig
and longitudinal/lateral axes in accordance with 5.2.2 and 5.2.3. The fuel cell power systg
shall not be operating for these tests. As a result of the testsythe fuel cell power syste
shall comply with 5.5 and 5.6.

Exception: If the fuel cell power system is intended for use(injan industrial truck with a kno
vibration profile, that profile-may can be used instead’gf - the profile outlined in 5.2.2 a
5.2.3.

A self-contained fuel cell power system is to be_tested outside of the truck in accordan
with 5.2.2 and 5.2.3. The fuel cell power systemis to be mounted using its own securemg
means, or a representative of the securement means, and secured to the test fixture of t
vibration test apparatus in the same positian-which it occupies when in use.

and 5.2.3.

With reference to 3), individual’Components or sub-systems—may can be tested
themselves so long as they are mounted and supported as they-weould can be in the comple
system. Components normally mounted near the test subject-must shall be included
simulated if there is any chance of interference or contact between the parts.

p.2 Vertical axis test

e acceleration datafor the vertical axis test shall be defined in collaboration with the tru

0.3 Longitudinal and lateral axes tests

e acceleration data for the longitudinal and lateral axis test shall be defined in collaborati
h_the-truck manufacturer.

An integrated fuel cell power system js.not required to be tested in accordance with 5.4.

d
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5.3 Fuel container securement test

1) Means shall be provided to secure fuel containers from becoming dislodged while in use or
stored on the fuel cell power system. Lateral movement shall not exceed an amount that
results in a hazardous condition. Any integral compressed gas fuel container shall include
a connection fixture that will not allow the flow of gas until a positive gas seal has been

achieved. The fuel connection device connecting the fuel supply and the system shall
suitable for its application.

be

2) A lateral force equal to the full weight of the fuel container or cylinder shall be applied in
any direction at the centre of the vertical height of the fuel container or cylinder. The fuel

container (i.e. fuel cylinder) or any portion thereof, shall not become dislodged from
retention means.

its
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5.4 Endurance test

1) A fuel cell power system employing nonmetallic flammable fuel handling parts and/or
flammable fuel pumps with dynamic seals shall be subjected to appropriate endurance
testing in accordance with 2). The fuel cell power system shall comply with 5.7, before and
after the test. There shall be no damage to the fuel cell power system that would result in a
hazard. The fuel cell power system shall be operational.

2) The fuel cell power system shall be connected to a source of fuel and operated at a minimum

of 50 % of the-maximum-continvous-operatingtoad-conditions rated power output. This shall

be done continuously for 720 h under normal operating pressures and temperatures.

5.9 External leakage test

All piping shall be leak tested in accordance with ISO 15649.
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5.6 Dilution test

5.6.1 Releases

The leak rate for each potential release point in the fuel cell power system including any purge
outlets shall be determined. See 4.10 and IEC 60079-10-1.
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5.6.2 Setup and operation

1) The testing shall be carried out in a draft free area, with the system located at least 3,05 m

from room vents or forced ventilation.

2) If the fuel cell power system uses mechanical ventilation, it shall be operated at the minimum

flow rate that satisfies all interlocks. See 4.10.

5.6.3 Exhaust dilution
1) Hydrogen or equivalent gas shall be released at the determined leak rate and at the location

2)

2)
3)
4)

NG
ne
rel

.6.4  Dilution boundaries (1:[/
Hydrogen or equivalent gas shall be released at the determined leak rate ah@ch potentfal

of the largest potential release point in the fuel cell power system.

The diluted concentrations of flammable vapours exiting the fuel cell power system sha&r
exceed the limits of 4.10 2). Q},

-

release point in the fuel cell power system.

The size and shape of each dilution zone shall be measured using a ca 'Qated hydrogen
equivalent gas detector. 4

4
The analysis of 4.10 3) shall be confirmed or updated with the ﬁgéured sizes and shap
of the dilution zones.

The requirements of 4.10 4) and 6) shall be confirmed wit&)th measured sizes and shap|
of the dilution zones. Q/
N

TE In some cases it can be sufficient to place the hydrogen oréuivalent gas detector at the locations of
hrest ignition source or unclassified equipment above and irQhe ventilation flow path, i.e. "downwind", of

base. QO

.Y Ultimate strength test 0\\

ot

or

he
he
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1) A fuel cell module shall comply with the allowable working pressure test requirements of

IEC 62282-2-100.

2) The oxidant and fuel sides of the cell stack—may can be interconnected and tested

5.8

simultaneously at the same pressure.

Potential failure modes test

1) Avreview of the manufacturer’s hazard analysis in accordance with 4.16 is done to determine
the scope of this test procedure, including whether or not the system is to be operating

2)

3)

2)

3)

4)

5)

6)

7)

during the test. Compliance with 5.8—may can also be determined through supporti
evidence provided by the manufacturer.

Critical failure modes, as-defined identified in 4.16, are to be simulated to determine if t

safety system is functional-and-a-safe-shutdown-of the system-ocecurs.

Compliance with 5.8 shall be determined by-the-safe-shutdown performance)of the corrg
actions by the safety system in accordance with the manufacturer’s-hazard-analysis;—up
nitiation-of a-critical-failure-mode risk assessment and risk reduction of\416.

Temperature test

A fuel cell system shall not attain a temperature at any point so as to result in a risk of fi
to damage any material used or to exceed the maximum temperatures specified in Table
when the unit operates at maximum rated ouiput power in an ambient temperature
specified in 3).

A thermal or overload protective device shall not operate during this test.

All temperature rise values in Table 3~are based on an assumed ambient temperature
25 °C. Tests-may can be conducted\at'any ambient temperature within the range of 10
to 40 °C when-itis measured valyes are corrected by addition (if the ambient temperatd
is lower than 25 °C) or subtraction (if the ambient temperature is higher than 25 °C) of t
difference between 25 °C and the ambient temperature.

Testing shall be continued- until steady state temperatures are attained. Steady stz
temperatures are achieved when three successive readings taken at intervals of not le
than 5 min indicate-ne-farther an increase in temperature less than 0,5 °C.

Temperatures shall' be measured by means of thermocouples. Temperatures on c

windings-maycan be measured by either thermocouples or change of resistance method.

Thermocouples shall consist of wires not larger than 0,21 mm2 and not smaller th
0,05 mpi¢~The thermocouple wire shall conform to the requirements specified in t
tolerances on initial values of EMF versus temperature tables in IEC 60584-1.

When using the resistance method, the windings shall be at room temperature at the st

ng

he

bCt
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re
he
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he
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of.the test, and the temperature rise of a winding is to be calculated using the followi

formula:

R
At=—Lh—tp)—he+t)
y

Jt =R kv 1)~ (k+ 1)
r

where

At is the temperature rise, expressed in °C;

R is the resistance of the coil, expressed in Q at the end of the test;

r is the resistance of the coil, expressed in Q at the beginning of the test;
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1 is the initial room temperature, expressed in °C at the time resistance;

"r" is being measured (which is also the initial coil temperature);
ty is the room temperature, expressed in °C at the end of the test; and

k is 234,5 for copper and 225,0 for electrical conductor grade (EC) aluminium; values of
the constant for other conductors are to be determined.

Table 3 — Temperature rise limits

Material and components I rise
limits °C
Motors:
Class 105 (A) insulation systems
Thermocouple method 65
Resistance method 75
Class 130 (B) insulation systems
Thermocouple method 85
Resistance method 95
Class 155 (F) insulation systems
Thermocouple method 110
Resistance method 120
Class 180 (H) insulation systems
Thermocouple method 125
Resistance method 135
Coils other than motors:
Class 105 (A) insulation systems
Thermocouple method 65
Resistance method 75
Class 130 (B) insulation systems
Thermocguple method 85
Resistance method 95
Clas§ /155 (F) insulation systems
Thermocouple method 110
Resistance method 120
Ctass—1+86(Hinsttation—systems
Thermocouple method 125
Resistance method 135
Conductors:
Rubber or thermoplastic insulated wires and cords (unless rated for higher 35
temperatures)
Surface temperatures of components (unless rated for higher temperatures):
Electrolvtic capacitors 2 40 -
Other capacitors 2 65 —
Fuses 65
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Temperature
Material and components rise
limits °C
Electrical insulation (where deterioration would result in a safety hazard):
Fibre 65
Laminated phenolic 100
Moulded phenolic 125
Non-metallic enclosure, structural and functional materials 2 -
Safety critical gaskets and seals 2 =
Supporting and adjacent surfaces 65
A surface subject to continuous contact while the fuel cell power system is in use
such as a momentary contact switch, etc.:
Metallic 50
Non-metallic 60
A surface subject to deliberate contact while the fuel cell power system-is|in use, but
not subject to continuous contact such as a switch:
Metallic 60
Non-metallic 85
A surface subject to casual contact:
Metallic 65
Non-metallic 83
a8 Temperature limits are dependent onthe temperature rating of the material.

0 Continuity test

Portions of the fuel celkpewer system intended to be bonded to the truck for electrostaft

discharge protection shall be subjected to a bonding test.

c

Metallie Conductive\parts required to be bonded to avoid electrostatic discharge shall hayve

the impedance (measured with a suitable ohmmeter between all points of connection of t
metallic parts\to determine that the resistance does not exceed 1 Q.

Nonmetatlic* fluid lines shall have a maximum resistivity of 1 MQ when evaluated

he

in

accordance with the conductivity test in IEC 60079-0 (the test will identify the requirpd
protection level and has standard references for the protection level).



https://iecnorm.com/api/?name=b9405d7d1d86dbad9552f32fbecc996f

IEC

N

— 43—

IEC 62282-4-101:2022 RLV © IEC 2022

v

N

“SUTIace

) E
% 2 &
O v
o 4 b
T mw,
N q
' o
= P ¢
O @ - 3
o - =
.?\ mw ’ D
e TN
P 3 3
3 =
\ ]
o N 2
nmuu ) £
nV mU .mW
( ® oL
- G 3 9 ﬁ
Q v ho] o
[0)]
u 2 4 [
@ bl Kes m“
\ N R b
c\ o ) »
D = (O]
b d T
s ()]
H Nen
. e
Ni -
> \ I o)
- 1) T
= L 9
[N Muw 5
R @
© o
£ fenl
[ D
D - (O]
by 7
@ .
o A .m.w»
~ 2 ]
e [0}
eny -
.
: 2
@ &
Y Y
= (0]
© -
o€ a
L mU
_|m| - o m
g R d .
o G o > o))
X D 4 o 8 &
@ B D S mw Qw
£ <+ B O A € )
IS 1 g B =
5 e P
2 b
= 3 [N
% [} _um. \.
£ r
- > ) <
@» o & 3. A~
$LLP 22 <

Measuring network
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5.11 Non-metallic tubing test for accumulation of static electricity
5.11.1 Passing criteria

No sparks shall be observed when a grounded metal sphere is brought into gradual contact with
the non-metallic tubing after it has been electrostatically charged.

5.11.2 Test method

Three samples of the tubing with ground point electrodes (i.e. metal fittings) shall be conditioned

f | 40 1 4 [P o H Y £ (O a0\ 0/
ofatreast=o matafreratve MutTimdity Ul (<9 L 1TU)J /0.

Immediately after removal from the low-humidity chamber, the samples are to be supportéd py
means of insulators in a room having a relative humidity not more than 35 % and having gll
sources of light, other than electrical sparks, eliminated. The ground point electrades are to pe
grounded. An electrostatic charge is to be sprayed on nonconductive parts of the|product usipg
an electrostatic generator limited to 5 000 V.

A 9,5 mm diameter grounded metal sphere is to be brought into gradual contact with the sampje.
If ho sparks appear, the sample passes the test.

5.12 Dielectric voltage — Withstand test

1)| Each-high-veltage circuit (greater than 30 V RSM or 42,4 \/-peak or 60 V DC) of the fuel cell
power system shall withstand, without breakdown, ‘the application of an essentidlly
sinusoidal potential at 50 Hz or 60 Hz of 1 000 V plus twice the rated voltage of the circpit
if-the-truck-system it is rated more than 72 V, or 500 V otherwise. Semiconductors or similar
electronic components liable to be damaged by“application of the test voltage-may can pe
bypassed or disconnected.

Exeception: DC potential equal to 1,414 tintes the value for the AC potential-may can pe
applied instead.

2)[ The test voltages shall be applied fer a minimum of 1 min.

5.13 Limited power circuit test
1)| A limited power source shall eomply with one of the following:
a) the output is inherently’limited in compliance with Table 4;

b) an impedance limited output in compliance with Table 4. If a positive temperatyre
coefficient device is used, it shall comply with IEC 60730-1:2013,
IEC 60730-1:2013/AMD1:2015 and IEC 60730-1:2013/AMD2:2020, Clause 15,
Clause 17\ahd Annex J;

c) a nan:arcing over-current protective device is used and the output is limited [in
compliance with Table 5;

d) ca)regulating network limits the output in compliance with Table 4 both under normal

operating conditions and after any single fault conditions in the regulating network (open
circuit or short r\irr\nif); or

e) aregulating network limits the output in compliance with Table 4 under normal operating
conditions and a non-arcing over-current protective device limits the output in
compliance with Table 5 after any single-fault condition in the regulating network (open
circuit or short circuit). If the overcurrent protection means is a discreet arcing device,
further evaluation with respect to its isolation from potentially flammable gas—vapours
should be made.

NOTE The reason for making measurements with overcurrent protection means bypassed is to determine the
amount of energy that is available to cause possible overheating during the operating time of the overcurrent
protection means.

2) The load referenced in footnotes b) and c) of Table 4 and Table 5 shall be adjusted to
develop maximum current and power transfer, respectively. Single faults in a regulating
network are applied under these maximum current and power conditions.
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Table 4 — Limits for inherently limited power sources

Output voltage direct current 2 Output current ® Apparent power €
Voo I, lsis
Y A VA
<20 <8,0 s5x V.
20 <¥v,, =30 <8,0 <100
20 TOC<Rn (1:{\/106 100

V..: Output voltage measured with all load circuits disconnected. Voltages are for ripple-free, direct current,

I_: Maximum output current with any non-capacitive load, including short circuit, measured60 's aft¢

sC
application of load.

S (VA): Maximum output VA with any non-capacitive load measured 60 s after application of load.

Table 5 — Limits for power sources not inherentlylimited
(overcurrent protection required)

Output voltage Output current ® Apparent power.© Current rating of
overcurrent protection 9
VOC ISC @ S
¥, .V A VA A
<20 <50
20< v, <30 <1000/V,, <250 <100/V,
30<V, <60 <100/V,

V..: Output voltage measured with all load circuits disconnected. Voltages are for ripple free, direct current,

I_: Maximum output current with any(non-capacitive load, including short circuit, measured 60 s aft¢

sc’
application of load. Current limiting impedances in the equipment remain in the circuit during measuremen
but overcurrent protection means afe)bypassed.

S (VA): Maximum output VA with~any non-capacitive load measured 60 s after application of load. Curre
limiting impedances in the-equipment remain in the circuit during measurement, but overcurrent protectid
means are bypassed.

The current ratings of the overcurrent protection means are based on fuses and circuit-breakers that break th
circuit within 120 s"Wwjth a current equal to 210 % of the current rating specified in the table.

ht

=}

[¢)

5.
1)

2)

4 Maxitdtm-VA-test Rated power output test

Onessample of the fuel cell power system shall be subjected to a-maximum-YA rated pow
output check in accordance with 3) and 4).

er

The duration of the rated power ﬁllflhllf check shall he determined hy the manufacturer

NOTE The maximum current is expected to continue for 3 h (or more) to define continuous load.

3) With the output of the fuel cell power system connected to a variable load, the-maximum-VA

rated power output of the system is to be measured-fer60-s. The load shall be capable
being varied from zero to short circuit during the test.

of

4) The rated power output-YA of the system shall not exceed the marked rated output value,

(see Clause 7 2)c)), by more than 10 %.

5.15 Abnormal operation test — Electric equipment failures
1) The fuel cell power system shall be subjected to the electrical component faults noted in 2)

to 4). The introduced faults of the electrical components shall not result in a shock or f
hazard from the fuel cell power system.

ire
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2) The fault conditions are to be maintained for 7 h or until ultimate results occur. Ultimate
results include thermal stabilization of the system or the opening of a fuse or other protective

3)

4)

device.
The following fault conditions, as applicable to the system, are to be conducted:
a) the fuel cell power system output short-circuited;

b) the rotor of each blower or fan motor locked, one at a time, if the system relies upon

forced ventilation;

c) the polarity of batteries reversed, if the batteries employed in the system are user

renlaceable or the batterv connector is not pnolarized:
™ J ™ T

d) the fuel cell power system operating at maximum available power as determinéed
maximum-VA rated power output in 5.14, unless a fuse opens;

e) the system operating at 135 % of the ampere rating of the protective fuse, with/the fu
bypassed, if a fuse operates during condition d); and

f) the absence of liquid supplied for liquid pumps that require a liquid for.¢ooling purposq

If a protective device opens during conditions 3)a) to 3)d) and 3)f), the test shall be

a) terminated, if a non-resettable, non-automatic protector functions,

b) continued for 7 h if an automatic-reset protector functions, or

c) continued for 10 cycles at a rate not faster than 10 operndtions/min if a manual res
device operates.

6 Emission of effluents test (only for methanol fuel cells)

A methanol fuel cell power system capable of préducing emissions of any materials giv
in Table 6 shall not exceed the emission limit in\Jable 6.

The methanol fuel cell power system shall be. operated at rated power in an open room
outdoors. During the operation, a sufficient effluent sample shall be secured to allow
determination of compliance with Table 6!

The effluent sample shall be secured at a point of exhaust discharge of the methanol fi
cell power system. The results of the analyses shall be compared to the limits in Table 6
the measured rate is less than the limit, the direct methanol fuel cell power system pass
the test.

Table 6 — Emission rate limits

Emission rate limit

Methanol 1,8 g/h
(610 0,20 g/h
(ef0) No limit

2

by

se
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or

el
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17 CEnvironmental test

5.17.1 Rain test

Enclosures shall be compliant with IPX4 in accordance with IEC 60529. Compliance with-this
clause IPX4 is demonstrated by testing required by IEC 60529. The external enclosure of the
fuel cell power system shall comply with the appropriate testing requirements in accordance
with IEC 60529, based the requirements of 4.13 2) and the IP rating of the product marked on
the nameplate. See Clause 7 2)j).
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IPX2 is acceptable for units designed and labelled for indoor operation only.

5.17.2 Test of equipment — Exposure to wind

1)

2)

GLaase—?—shaH—be—s&bjeeteeHe—ths—test—fer—e*pe&we—te—Mﬁds— A fuel ceII power system

fueled by methanol shall not create a hazardous or unsafe condition when exposed to win
having nominal velocities up to and including 16 km/h. Compliance with harmful effect
demonstrated by testing according to 2) to 4).

The fuel cell power system shall not be adversely affected by wind.

ds
is

3)

4)

TH

The fuel cell power system shall operate without damage or malfunctioning of any part\a
without creating a hazardous condition when exposed to winds having nominal velocities
50 km/h or the manufacturer’s rated maximum wind speed marked on the product, whicheV
is higher.

A wind produced by a fan or blower having a velocity of 50 km/h or the manufacturer’s rat
maximum wind speed marked on the product, whichever is higher, is to be\directed agair
an outer surface of the fuel cell power system at directions considered worse case. The f
or blower is to be located so that a uniform wind, covering the entire\projected area of t
outer surface of the system, is directed horizontally toward the fuelcell power system at t
specified velocity measured in a vertical plane 457,2 mm from the windward surface of t
fuel cell power system.

8 Enclosure tests
8.1 Enclosure loading test

e self-contained fuel cell power system’s externalenclosure housing shall be constructed

th
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.18.2 Test for thermoplastic enclosures

.18.2.1 Impact test

.18.2.2 Cold impact test

t a loading force of 1 110 N, applied for 1 min @n the top of the external enclosure, does n
use damage to the fuel cell, shorting of electrical spacings within the fuel cell, or oth
zards.

0NF hall . 050 2 ¢ ‘ ‘ iod
WMW%W‘, i O

thermoplastic external enclosure shall comply with-the-inacceordance-with IEC 60695-10
e enclosure shall alse be subjected to an impact of 136 J. The impact test is to be conduct
dropping a steel sphere, 101,6 mm in diameter and weighing 4,5 kg, from a height of 3,0

fuel cellpower system intended for cold temperature use marked for use at or below —20

nd
of
er

ed
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accordance with Clause 7 2)f) that utilizes a thermoplastic external enclosure shall comply

hdhe coId impact test minus 30 °C conditioning or 10 °C below the marked rated temperatu
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the enclosure shall be subjected to an impact of 136 J during the test. The test shall be
conducted by dropping a steel sphere, 101,6 mm in diameter and weighing 4,5 kg, from a height

of

3,0 m.

5.18.2.3 Mould stress test
1) Athermoplastic external enclosure of a fuel cell power system shall be suitable for the range

of temperatures that it is subjected to during use.

2) Athermoplastic enclosure shall be subjected to the test in accordance with IEC 60695-10-2.

3) As aresult of the mould stress test, there shall be no warping, melting or other deformation
of the external enclosure that would expose hazardous parts, or affect ventilation or other

systems that could affect safe operation of the fuel cell power system.
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5.18.2.4 20 mm moulded part needle flame test for thermoplastic materials

1) As an alternative to classifying thermoplastic external enclosure materials as V-0 or V-1, a
20 mm flame test of the moulded part(s) as outlined in 5.19 2) to 4)-may can be conducted.

2) The test shall be conducted by employing the apparatus and test flame described in
IEC 60695-11-4.

3) Two 30 s applications of the tip of the 20 mm flame shall be made to each section of the
enclosure selected as indicated above, with 1 min intervals between applications. A supply
of technical grade methane gas shall be used with a regulator and meter for uniform gas
flow.

4)| The enclosures shall not flame for more than 1 min after two 30 s applications of a test flame
with an interval of 1 min between applications of the flame. The results are not accéptabple
if the sample is completely consumed.

5.19 Marking plate adhesion test

1)| To determine if a marking plate secured by adhesion complies with Clause!¥, representative
samples shall be subject to 2) to 5). In each test, three samples of the marking plates shall
be applied to the same test surfaces as employed in the intended application.

2)| Immediately following each of the tests in 3) to 5) and after expesure to room temperatyre
for 24 h, each sample shall

a) demonstrate good adhesion and the edges shall not be cdrled,

b) resist defacement or removal as demonstrated by scraping across the test panel with a
flat metal blade 1,76 mm thick, held at a right angle 10 the test panel, and

c) have legible printing that is not defected by/rubbing with thumb or finger pressure.
Printing should resist removal from general ¢leaning chemicals or by rubbing with thumb
or finger pressure.

3)| For air-oven ageing, three samples of the marking plates shall be placed in an air-circulating
oven maintained at a temperature of 85C for 240 h.

4)| For immersion testing, three samplesof the marking plates shall be placed in a controlled
atmosphere maintained at (23 + 2)»°C with a (50 + 5) % relative humidity for 24 h. The
samples shall then be immersed\in water at a temperature of (23 + 2) °C for 48 h.

5)| For standard atmosphere testing, three samples of the marking plates shall be placed irl a
controlled atmosphere, maintained at (23 £ 2) °C with (50 £ 5) % relative humidity for 72|h.

5.20 Test for elastomeric seals, gaskets and tubing

5.20.1 General

Elastomeric seals;”’gaskets and tubing relied upon for safety shall be subjected to the test|in

5.20.2 and imy5.20.3, as applicable.

5.20.2 -“Accelerated air-oven ageing test

Elastomeric seals, gaskets and tubing relied upon for safety shall be suitable for temperatures
encountered and shall comply with the test in accordance with ISO 16010.

5.20.3 Cold temperature exposure test

1) Elastomeric seals, gaskets and tubing relied upon for safety and intended for extreme cold
temperature use systems rated at or below —20 °C shall not become brittle to the extent that
they will not function as intended as a result of 2).

2) Parts described in 5.20.1 shall be subjected to the test in accordance with ISO 16010.
5.20.4 Immersion test
Elastomeric seals, gaskets and tubing relied upon for safety shall be suitable for exposure to

fluids such as methanol encountered in use and shall comply with the volume change test in
Liquid B in accordance with ISO 16010 except that the test liquid shall be representative of the
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liquid the material will be exposed to (i.e. 100 % methanol or a methanol blend) and the volume
change allowed shall be (25 £1) % of the as-received value.

5.21 Test for permeation of non-metallic tubing and piping

1) Non-metallic tubing and piping containing flammable gas-and-apeours shall be sufficiently
nonpermeable to those gases-and-vapours.

2) Non-metallic tubing and piping shall be subjected for permeability to hydrogen in
accordance with ISO 4080.

5.22—Testforelectricatoutputteads
1)] The electrical output power leads of a fuel cell power system intended for exposure |to
extreme temperatures above 50 °C and at or below —20 °C shall be constructed so that they
can withstand the test in 2) based upon the extreme temperatures as marked in-aceordangce
with Clause 7 2)f). These tests do not apply to low-voltage circuits.

2)| Parts described in 1) shall be subjected to the test in accordance with IS© 16010, at 10 K
higher than the marked temperature rating, but no less than 70 C.for 168 h. Affer
conditioning, the leads shall be examined for signs of deteriorationysuch as cracking apd
melting.

Exeception: Leads with insulation marked with a temperature ratingimeeting the high temperatyre
marked on the system in accordance with Clause 7 2)f) are not required to be subjected to this
test.

5.23 Emergency stop
1)| The effectiveness of each emergency stop actuator and device shall be confirmed by tedt.

2)| The fuel cell power system shall be energized{sufficiently to perform the test. Circuits ahd
components can be energized using batteries or external sources rather than operating the
fuel cell using a flammable gas as long as all emergency stop functions can be confirmeg.

3)| Each emergency stop actuator and device is to be activated individually.

4)| The stopping and removal of power to each individual fuel cell power system actuator
controlled by the emergency step*is to be confirmed for each emergency stop actuator apd
device. Fuel cell power systefactuators can include motors, valves, pumps, blowers, fans,
and the like.

6 | Routine tests

6. External leakage

1)] An externalileakage on the flammable fluid containing portions of the system shall pe
subjectedito an external leak test on 100 % of the production.

2)| Whilenunder normal operating pressures, the gas containing portions of the system shall not
leak ,after operation for 1 min. Visible signs of soap bubbles, pressure decay or similar
occurrences, as applicable to the method of test, shall indicate leaks in the system.

3) The fuel cell power system shall be operated, or the parts under test pressurized at normal
operating pressure. Areas for potential leaks such as at fittings are to be tested for leaks
using a soap and water leak detection solution or equivalent means.

6.2 Dielectric voltage-withstand test

The test in 5.12 shall be conducted on 100 % of the production except that the time can be
lowered to 1 s if the test potential is increased by 120 % of the rated voltage (1 000 + 2,4 x

Vrated)'

Exeeption: This production line test is not required to be conducted on low-voltage circuits.
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Markings

The nameplate markings specified in 2) shall be permanently secured to the fuel cell power
system. If an adhesive is used to secure the marking plate on the fuel cell, then the adhesive
shall comply with the test of 5.19.

The fuel cell power system marking plate shall include the following:

a) the manufacturer’'s name, trademark or other descriptive marking by which the
organization responsible for the product can be identified;

b) a catalogue number or the equivalent;

3)

c) output electrical rating in nominal system volts, maximum continuous amperes and\the
maximum-VA rated power output;

d) type of fuel utilized, including service pressure and maximum operating pressure;

e) where the fuel tank is fixed and not easily viewed, the label shall include.the total fyel
container water volume, in litres, along with the re-test date(s) or expiration date;

f)  minimum and maximum ambient operating temperatures;

g) minimum and maximum storage temperatures, if different from f);

h) weight of the fuel cell power system, for self-contained systems“only;

i) centre of gravity of the fuel cell power system, for self-contained systems only; and

j) an IP rating-may shall be provided on a fuel cell powef system-intended-to-be-evaluatpd
to-a-minimum-1P-rating that complies with 4.13 1), 2){and 3), and 5.18.1;

All other required markings in a) to h)» shall be permanent in accordance wjth
IEC 60950-1:2005, 1.7.11:

a) a fuel cell power system intended“for field installation shall also include a markiphg
indicating that the system is intefided for field installation by qualified personnel only

b) systems provided with replaceable fuses shall be marked with the current and voltage
rating of the fuse near theAfuse holder;

c) the polarity of the output-leads shall be marked on the leads unless they are terminated
in a polarized connector;

d) the fuel celt power system shall be marked to indicate that it has to be properly connected
to the truck’equipotential bonding system;

e) with.reference to 4.6 4), where a manual valve is used for flammable gas supplied to the
fuel_cell power system, the valve shall be indicated with a marking of the words
"MANUAL SHUTOFF";

A\

8.1
1)

f) nameplate and documentation of tanks shall include the effective end of service date of
the pressure vessels based upon the worse case analysis;

g) markings shall be in the language(s) of the country in which the truck is to be used, in
accordance with national law (ISO 3691-1). A pictogram is also sufficient; and

h) the use of symbols should also be in accordance with ISO 7010 and/or ISO 3864-1.
Instructions
General

The fuel cell power system shall be provided with an instruction manual in the national
language of the operation country.
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2) The instruction manual shall include maintenance, operating and installation instructions in
accordance with 8.2 to 8.4.

3) The instruction manual shall include o a
sufficient electrical and fuel line documentation to install, operate, and maintain the fuel cell
power system. This documentation shall include all information necessary to connect the
fuel cell power system to the truck, refuel the fuel cell power system, and replace any regular
maintenance items.

4) The operating and storage instructions shall describe the possible hazards resulting from
the use of fuels and any precautions to be taken when handling the materials.

5)[ Information giving requirements for installation, maintenance, charging and handling shill
be included in the fuel cell and/or truck installation manual.

6)| The manual shall include information about recycling and handling of a damaged-fuel cell.

8.2 Maintenance instructions

THe maintenance instructions shall include the following, as applicable:

1)| For a fuel cell power system provided with replaceable batteries, instructions for battgry
replacement including the type and rating of the batteries.

2)| For a fuel cell power system with replaceable fuses, instructigns for replacement of fusges
including the type, voltage and current rating of the fuses.

M Inctriietione indicatina that the arag in which 4 fiial caoll Adwar cuctam ic amnlaved chall ha

electeetionedndiootine thadt the cnon foveliel o fuelenll son o contacn do cenalonnc clball bo

3)| Instructions regarding the need to keep all ventilation-and exhaust openings from becomipg
blocked so that air is not obstructed and that anyyrequired clearances to maintain suitable
ventilation and exhaust shall be maintained when installed in the truck.

4)| Instructions for basic inspection and maintehance such as filter cleaning, replacement|of
parts, and lubrication of parts. See also4.14.2 6).

5)[ The source for replacement parts.

6)[ An explanation of the necessity.for, and the minimum frequency of, periodic examinations
and inspections by qualified petsonnel. For example, the checking of any safety criti¢al
components requiring calibration such as gas detectors and pressure switches.

7)| The fuel cell display shall show if maintenance is necessary or the fuel cell manufactufer
shall specify when maintenance is necessary and indicate it.

8.3 Operating instructions

THe operating instructions shall include the following, as applicable:

1)| Instructions for starting up and shutting down the fuel cell power system.

2)[ Complete instructions for the proper refuelling of the fuel cell power system including a
wafning not to drive or move the truck with the refueling hose or interface cable connectqgd.

3)| ‘Fof a fuel cell power system with no IP rating for ingress of water, the statement

"WARNING: not rated for use in high humidity up to 95 %, wet, or rainy conditions."

4)

For a fuel cell power system not designed for temperature extremes, the statement,

"WARNING: not rated for use below ___ degrees. Not rated for use above ___ degrees."

5)

Information regarding provisions for adequate process and ventilation air. This shall include
the following statement "This fuel cell power system uses oxygen from the area in which it
is being used. It should not be used in a confined space or unusually tight construction,
unless provisions are provided for adequate process and ventilation air." An example for

determining the volume of a typical area should also be included.

NOTE Unusually tight construction is considered as construction where

1) walls and ceiling exposed to the outside atmosphere have a continuous water vapour retarder with a rating of

6 x 107" kg/(m2 x Pa x s) (1 perm) or less with openings gasketed or sealed:;
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weather stripping has been added on windows and doors that are able to be opened; and

caulking or sealants are applied to areas such as joints around window and door frames, between sole plates
and floors, between wall-ceiling joints, between wall panels, at penetrations for plumbing, electrical and gas lines,
and at other openings.

8.4 Installation instructions

1)

Instructions shall be provided for the proper installation of the fuel cell power system
including, but not limited to, spacings requirements, location of ventilation and exhaust
openings, securement, electrical connections and fuel connections. Where a hazard-may
can be present through system orientation or positioning, instructions shall be provided and

Lol

2)

3)

4)

. | b
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The installation instructions shall have instructions regarding the proper equipatent]
bonding of the fuel cell power system to the truck-greunding-means chassis, see 4.44°5)

If storage tanks are provided, instructions for the proper installation of the storagé system
including instructions for the connections of the fuel lines to the fuel cell powersystem shgll
be included.

The installation instructions for a field installed fuel cell power system shall include| a
statement indicating that the system is intended for field installation by qualified personnel
only.
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Comparison of pressure terms is given in Table A.1 as information.

Comparison of pressure terms

53—

Annex A
(informative)

Table A.1 — Comparison table of pressure terms

(

IAWP)

Standards/codes
3 : 1SO/TS 15869 NFPA 52 ASME B & PV SAE J2600 UL2267
ressure terminology ( 2019) ( 2015) ( 2020)
1SO 19881 Code Sec. VI
(2018)

. 25 Mpa or
Slervice pressure (SP) - Same as NWP - - 35 MPa
Nominal working
pfessure (NWP) or just Vl\\/ﬁv;acr;es?os - - Same as SP -
working pressure (WP)

1,25 x NWP 1,25 SP,

) . ,25 % )

N’aX|mum &pg'rjatmg _ 1,25 x Sl\/IPI-iP \ 31,25 MPa dr
pfessure ( ) same as same as MFP

43,75 MPa
Maximum fill pressure 1,25 x WP, 1,25 x NWP,
(MFP) same as MOP - - same as MOP B
Design pressure - -~ DP - -
Maximum allowable 1,38 x SP,
working pressure - 1,38 x SP MAWP 1,38 x NWP 34,5 MPa o

48,3 MPa
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Annex B
(informative)

Significant hazards, hazardous situations and

events dealt with in this document

Requirement ;e;e,"::,; Fulfilled by

1. __Principles of safety integration Yes Application IEC Guide 116
2. Requirements regarding design and construction
2.1 Protection against electric shock and other electrical

hazards

e leakage current (e.g. due to insulation fault) Yes 4.14.13

e energy supply Yes 4.14,7

e stored charges Yes 4.14.10

e switching arc and arc fault Ye$ 4.11,4.14.2,4.14.3

e electric shock Yes 5.10, 5.12, 6.2

e burns Yes 4.4
2.2 Protection against fire hazards

o external ignition Yes 5.15

e internal ignition Yes 5.15
2.3 Protection against mechanical hazards

e instability Yes 5.4

e break-down during operatioq Yes 5.4

e falling or ejected objeéts Yes 4.16

e rough surfaces, sharp edges or corners Yes 4.13, 4.16

. mzvrigtgatpisrr]t:l, Sepsg:gigllcléavglsere there may be variations in Yes 4145, 4.16

e vibratidn Yes 5.2

o (intproper fitting of parts Yes 4
2.4_Protection against other hazards

. explosion caused by the equ_ipment itself or by subs_tances Yes 58

which may be produced, emitted or used by the equipment

e implosion Yes 5.7

e acoustic noise No

. excessiveT temperature_of materials ejected or accessible Yes 59

non-working surfaces likely to be touched
e adverse biological and/or chemical phenomena Yes 4.12
e hygiene conditions Yes 4.12
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Requirement yes / no? Fulfilled by
e emissions, pr_odl_Jction and/or_use of hazardous substances Yes 412,516
(e.g. gases, liquids, dusts, mists, vapour)
e ageing of materials Yes 5.4
e unattended operation No
e connection to and interruption from power supply Yes 4.14.12
e combination of equipment Yes 4.14.14
2.5 Protection against hazards arising from incorrect
functioning
e expected environmental conditions, including electric,
magnetic and electromagnetic disturbances considered as Yes 5.8
relevant in the product or generic EMC standard
e logic errors in hardware or software Yes 4.16
e interruptions or normally expected fluctuations in the power Yes 41412
supply
e unexpected starting or stopping operation Yes 4.15
o failure to stop or to start Yes 4.15
2.6 Protection against hazards arising from electric, magnetic,
and electromagnetic fields, other ionizing and non-ioniZing Yes 4.11,4.14 1
radiation
2.1 Ergonomics No
3.] Information requirements
e Information provided with the equipmentshall include
instructions for safe installation, maipfeénance, cleaning, Yes 8.2,8.3
operation and storage.
e Where risks remain despite alkthe measures adopted or in
the case of potential risks, which are not evident, Yes 8.3
appropriate warnings shall\be provided.
e The essential characteristics, the recognition and
observance of whigh will ensure that equipment will be used
safely and in gpplications for which it was intended and for Yes 7
which it can reasonably be foreseen, shall be marked legibly
and indeliblwoh the equipment or, if this is not possible, in
the accampanying instruction for use.
e Information provided either by marking or in the instructions
foNbrs€, which is essential for the safe use of the equipment, Yes 7,8

shall be easily understandable by the intended user.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FUEL CELL TECHNOLOGIES -

Part 4-101: Fuel cell power systems for
electrically powered industrial trucks — Safety

1
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7)

8)
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FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization.compris
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote“internatio
co-operation on all questions concerning standardization in the electrical and electronic fields; ,To this end 3
in addition to other activities, IEC publishes International Standards, Technical Specifications,, Fechnical Repo
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC ‘Publication(s)”). TH
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt

may participate in this preparatory work. International, governmental and non-governmental organizations liais
with the IEC also participate in this preparation. IEC collaborates closely with thé International Organization

Standardization (ISO) in accordance with conditions determined by agreement-bétween the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internatio
consensus of opinion on the relevant subjects since each technical committee has representation from
interested IEC National Committees.

IEC Publications have the form of recommendations for international’ use and are accepted by IEC Natio
Committees in that sense. While all reasonable efforts are made\to ensure that the technical content of |
Publications is accurate, IEC cannot be held responsible for*the way in which they are used or for 4
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicatig
transparently to the maximum extent possible in their national and regional publications. Any divergence betwe
any |IEC Publication and the corresponding national ‘@r.regional publication shall be clearly indicated in the latt

IEC itself does not provide any attestation of _conformity. Independent certification bodies provide conforni
assessment services and, in some areas, acéess to IEC marks of conformity. IEC is not responsible for 3
services carried out by independent certification bodies.

All users should ensure that they have the‘latest edition of this publication.

No liability shall attach to IEC or its(djrectors, employees, servants or agents including individual experts 3
members of its technical committeesvand IEC National Committees for any personal injury, property damage
other damage of any nature ,whatsoever, whether direct or indirect, or for costs (including legal fees) 4
expenses arising out of the“publication, use of, or reliance upon, this IEC Publication or any other |
Publications.

Attention is drawn to_the Normative references cited in this publication. Use of the referenced publications
indispensable for the~carrect application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of pat
rights. IEC shalknot be held responsible for identifying any or all such patent rights.

ernational’Standard IEC 62282-4-101 has been prepared by IEC technical committee 1(
el cell-technologies.
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isssecond edition cancels and replaces the first edition published in 2014. This editi

pn

constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous

ed

a)
b)
c)
d)
e)
f)

ition:
revision of the title of this document;
revision of reference standards;
addition of new subclauses (4.3, 4.14.5, 4.15.3, 4.15.4, 4.16, 5.6, and 5.23);
previous 4.15 was revised as “4.16 Risk assessment and risk reduction”;
revision of 4.6 3), access to the manual shutoff valve;
revision of requirements for battery terminals that are threaded (4.14.10.1);
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revision of requirements for double layer capacitors (4.14.10.2);
revision of external leakage test (5.5) and ultimate strength test (5.7);

revision of temperature limits on capacitors depending on the temperature rating of the

material (Table 3);
revision of markings that are not relevant (Clause 7);

added “Significant hazards, hazardous situations and events dealt with in this document” as

a new informative annex (Annex B).

e text of this International Standard is based on the following documents:

Fy
the

Th

TH
ad|
at
de

A

can be found on the IEC website.

Th

stability date indicated on the IEC website under webstore.iec.ch in the data related to t

Sp

Draft Report on voting

105/912/FDIS 105/922/RVD

[l information on the voting for its approval can be found in the report on6ting indicated
b above table.

e language used for the development of this International Standard is English.

is document was drafted in accordance with ISO/IEC Directives, Part 2, and developed
cordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, availal
www.iec.ch/members_experts/refdocs. The main docunmient types developed by IEC 3
scribed in greater detail at www.iec.ch/standardsdev/pliblications.

ist of all parts of IEC 62282 series, published under the general title Fuel cell technologie

e committee has decided that the contents of this document will remain unchanged until t
ecific document. At this date, the docéument will be

reconfirmed,
withdrawn,
replaced by a revised €dition, or

amended.

in

in
le

IS’

he
he
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INTRODUCTION

The |EC 62282-4 series deals with categories such as safety, performance and
interchangeability of fuel cell power systems for propulsion other than road vehicles and
auxiliary power units (APU). Among the categories mentioned above, this document,
IEC 62282-4-101, focuses on safety of electrically powered industrial trucks with fuel cell power
systems because such applications are urgently demanded in the world. Future documents in
this part of IEC 62282-4 will deal with other applications related to onboard vehicles other than
road vehicles and auxiliary power units (APU).
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FUEL CELL TECHNOLOGIES -

Part 4-101: Fuel cell power systems for
electrically powered industrial trucks — Safety

Scope

TH
ve

TH
us

TH
fud

Th

Th

TH
ex

TH
att

In

is document deals with safety of fuel cell power systems for propulsion other than ro
hicles and auxiliary power units (APU).

is part of IEC 62282 covers safety requirements for fuel cell power systems(intended to
ed in electrically powered industrial trucks as defined in ISO 5053-1, except\for:
rough-terrain trucks;

non-stacking low-lift straddle carriers;

stacking high-lift straddle carriers;

rough-terrain variable-reach trucks;

slewing rough-terrain variable-reach trucks;

variable-reach container handlers;

pedestrian propelled trucks.

is document applies to gaseous hydrogen-fuelled fuel cell power systems and direct methar
el cell power systems for electrically powered’industrial trucks.

e following fuels are considered within the scope of this document:

gaseous hydrogen;
methanol.

is document covers the fuel' cell power system as defined in 3.8 and Figure 1.

is document appliessto DC type fuel cell power systems, with a rated output voltage 1
ceeding 150 V DC for indoor and outdoor use.

ached to-€ither the industrial truck or the fuel cell power system.

accoerdance with IEC Guide 116, significant hazards, hazardous situations and events de

is document-covers fuel cell power systems whose fuel source container is permanent

ad

ol

ot

y

alt

wi

hr’this document are shown in Annex B.

The following are not included in the scope of this document:

detachable type fuel source containers;

hybrid trucks that include an internal combustion engine;

reformer-equipped fuel cell power systems;

fuel cell power systems intended for operation in potentially explosive atmospheres;

fuel storage systems using liquid hydrogen.
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Fuel (hydrogen, methanol) Coolant
System boundary
J E Excess/released fuel
»
Fuel storage
(hydrogen,
methanol) malhazrénn?:ant P» Waste heat
* ¢ T Internal power needs
Fuel

regulating »| Power » Electrical

and piping »!1 Conditioner ¥ Fuel cell conditioning power output

system and r#gdglz y

Oxidant (air) i
Peatam O | (stack) Y
Energy
storage
Ventilation air A I
Ventilation ¥ p Exhaust gases
t
Water system Wat » Discharge water
ater S
> treatment and Control (liquid or{gaséous)

EMD > containment system
Vibration, g
wind, rain, EMI
temperature Noise,

vibration
IEC

Kely
EMD electromagnetic disturbance

EMI electromagnetic interference

NQTE A fuel cell power system can contain all or some of the above components.

Figure 1 — Fuel cell power systems for industrial trucks

2 [ Normative references

THe following documents are referred toiin the text in such a way that some or all of their contgnt
constitutes requirements of this document. For dated references, only the edition cited appligs.
Fdr undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60050-485, International Electrotechnical Vocabulary (IEV) — Part 485: Fuel cell
te¢chnologies

IELC 60079-0, Explosive atmospheres — Part 0: Equipment — General requirements

IEC 60079-10-1, Explosive atmospheres — Part 10-1: Classification of areas — Explosive glas
atmospheres

IEC®0079-29-1, Explosive atmospheres — Part 29-1: Gas detectors — Performance

» s £oof ok 4 £ £l ]
I'equu CITICTIitS Ur uctcLiurs TUT Tidlliiiialic Ydostto

IEC 60079-29-4, Explosive atmospheres — Part 29-4: Gas detectors — Performance
requirements of open path detectors for flammable gases

IEC 60204-1, Safety of machinery — Electrical equipment of machines — Part 1. General
requirements

IEC 60227-3, Polyvinyl chloride insulated cables of rated voltages up to and including
450/750 V — Part 3: Non-sheathed cables for fixed wiring

IEC 60227-5, Polyvinyl chloride insulated cables of rated voltages up to and including
450/750 V — Part 5: Flexible cables (cords)
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IEC 60335-2-41, Household and similar electrical appliances — Safety — Part 2-41: Particular
requirements for pumps

IEC 60335-2-80, Household and similar electrical appliances — Safety — Part 2-80: Particular
requirements for fans

IEC 60364-4-41:2005, Low-voltage electrical installations — Part 4-41: Protection for safety —
Protection against electric shock
IEC 60364-4-41:2005/AMD1:2017

IEC 60529, Degrees of protection provided by enclosures (IP Code)
IEC 60584-1, Thermocouples — Part 1: EMF specifications and tolerances

IEC 60664-1, Insulation coordination for equipment within low-voltage systems — Part|1:
Prjnciples, requirements and tests

IEC 60695 (all parts), Fire hazard testing

IEC 60695-1-30, Fire hazard testing — Part 1-30: Guidance for‘asSessing the fire hazard|of
elgctrotechnical products — Preselection testing process — General guidelines

IEC 60695-10-2, Fire hazard testing — Part 10-2: Abnornial*heat — Ball pressure test method|

IEC 60695-11-4, Fire hazard testing — Part 11-4: Test flames — 50 W flame — Apparatus apd
coinfirmational test method

IEC 60695-11-10, Fire hazard testing — Part,11-10: Test flames — 50 W horizontal and verti¢al
fldme test methods

IEC 60730-1:2013, Automatic electrical controls — Part 1: General requirements
IEC 60730-1:2013/AMD1:2015
IEC 60730-1:2013/AMD2:2020

IEC 60812, Failure mode§_and effects analysis (FMEA and FMECA)

IEC 60947-3, Lowrveltage switchgear and controlgear — Part 3: Switches, disconnectorls,
switch-disconnecfors and fuse-combination units

IEC 60947-5#1; Low-voltage switchgear and controlgear — Part 5-1: Control circuit devices apd
switching.elements — Electromechanical control circuit devices

IEC.80950-1:2005, Information technology equipment — Safety — Part 1: General requirements
IEE60950-12005/AMD 12009

IEC 60950-1:2005/AMD2:2013

IEC 61025, Fault tree analysis (FTA)
IEC 61204-7, Low-voltage switch mode power supplies — Part 7: Safety requirements

IEC TS 61430, Secondary cells and batteries — Test methods for checking the performance of
devices designed for reducing explosion hazards — Lead-acid starter batteries

IEC 61508 (all parts), Functional safety of electrical/electronic/programmable electronic safety-
related systems
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IEC 61558-1, Safety of transformers, reactors, power supply units and combinations thereof —
Part 1: General requirements and tests

IEC 62477-1, Safety requirements for power electronic converter systems and equipment —
Part 1: General

IEC 62133-1, Secondary cells and batteries containing alkaline or other non-acid electrolytes —
Safety requirements for portable sealed secondary cells, and for batteries made from them, for
use in portable applications — Part 1: Nickel systems

IEC 62282-2-100, Fuel cell technologies — Part 2-100: Fuel cell modules — Safety

IEC 62391-1, Fixed electric double-layer capacitors for use in electric and electronictéequipmaent
— Part 1: Generic specification

IEC 62391-2, Fixed electric double-layer capacitors for use in electronic equipment — Part|2:
Sqgctional specfication — Electric double layer capacitors for power application

IEC 62619, Secondary cells and batteries containing alkaline or other’non-acid electrolyteg —
Safety requirements for secondary lithium cells and batteries, forcuse in industrial applicatiops

IEC/ISO 31010, Risk management — Risk assessment technigues

ISP 179 (all parts), Plastics — Determination of Charpy impact properties
ISP 180, Plastics — Determination of 1zod impact‘strength

ISP 877 (all parts), Plastics — Methods of exposure to solar radiation
ISP 1419, Rubber- or plastics-coated fabrics — Accelerated-ageing tests

ISP 1421, Rubber- or plastics-coated fabrics — Determination of tensile strength and elongatipn
at|break

ISP 1798, Flexible cellular polymeric materials — Determination of tensile strength apd
elpngation at break

ISP 2440, FlexibleJand rigid cellular polymeric materials — Accelerated ageing tests
ISP 2626,/.Copper — Hydrogen embrittlement test

ISP 3691-1, Industrial trucks — Safety requirements and verification — Part 1: Self-propell
ingustrial trucks, other than driverless trucks, variable-reach trucks and burden-carrier truck

Ur—p
Q

ISO/TS 3691-7, Industrial trucks — Safety requirements and verification — Part 7. Regional
requirements for countries within the European Community

ISO/TS 3691-8, Industrial trucks — Safety requirements and verification — Part 8: Regional
requirements for countries outside the European Community

ISO 3864-1, Graphical symbols — Safety colours and safety signs — Part 1: Design principles
for safety signs and safety markings

ISO 4038, Road vehicles — Hydraulic braking systems — Simple flare pipes, tapped holes, male
fittings and hose end fittings
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ISO 4080, Rubber and plastics hoses and hose assemblies — Determination of permeability to

ga

S

ISO 4675, Rubber- or plastics-coated fabrics — Low-temperature bend test

ISO 5053-1, Industrial trucks — Vocabulary — Part 1: Types of industrial trucks

ISO 7010, Graphical symbols — Safety colours and safety signs — Registered safety signs

IS

IS
ce

IS

IS
ga

embrittlement

IS
re

IS

liguids on vulcanized rubbers

IS
pri

IS

IS
wi

IS

IS

IS
ca

IS

D 10500, FPipework — Corrugated metal hoses and hose assembnlies

D 10442, Petroleum, chemical and gas service industries — Packaged, integrally{gear
ntrifugal air compressors

D 10806, Pipework — Fittings for corrugated metal hoses

s contents — Part 4: Test methods for selecting metallic materials’resistant to hydrog

D 12100, Safety of machinery — General principles for design — Risk assessment and r
fuction

D 13226, Rubber — Standard reference elastomers, (SREs) for characterizing the effect

D 13849-1, Safety of machinery — Safety-related parts of control systems — Part 1. Gene
nciples for design

D 13849-2, Safety of machinery — Safety-related parts of control systems — Part 2: Validati

D 14113, Gas welding equipment — Rubber and plastics hose and hose assemblies for U
th industrial gases up to 45Q.bar (45 MPa)

D 15649, Petroleum and-natural gas industries — Piping
D/TR 15916, Basic)considerations for the safety of hydrogen systems

D 16010, Elastomeric seals — Material requirements for seals used in pipes and fittin
rying gasgéous fuels and hydrocarbon fluids

D 16411:2018, Transportable gas storage devices — Hydrogen absorbed in reversible me

D 11114-4, Transportable gas cylinders — Compatibility of cylinder and’valve materials wj

Sk

of

ral

gs

fal

hyj

dridé

ISO 17268, Gaseous hydrogen land vehicle refuelling connection devices

ISO 19881, Gaseous hydrogen — Land vehicle fuel containers

ISO 19882, Gaseous hydrogen — Thermally activated pressure relief devices for compressed

hy

drogen vehicle fuel containers

ISO 20898, Industrial trucks — Electrical requirements

ISO 21927-3, Smoke and heat control systems — Part 3: Specifications for powered smoke and

he

at exhaust ventilators
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ISO 23551-1, Safety and control devices for gas burners and gas-burning appliances —
Particular requirements — Part 1: Automatic and semi-automatic valves

UN GTR No. 13, Global Technical Regulation concerning the hydrogen and fuel cell vehicles

UN Regulation No. 134, Uniform provisions concerning the approval of motor vehicles and their
components with regard to the safety- related performance of hydrogen-fuelled vehicles (HFCV)

3 Terms and definitions

Fgr the purposes of this document, the terms and definitions given in IEC 60050-485,and the
following apply.

ISP and IEC maintain terminological databases for use in standardization at)the following
addresses:

e [ IEC Electropedia: available at http://www.electropedia.org/
e [ ISO Online browsing platform: available at http://www.iso.org/obp

abnormal operation
eration of the fuel cell power system with any one mechanical; electrical or control compongnt
Ifunction or failure, in any failure mode regarded as reasonably probable in the failure mofe
d effects analysis (FMEA) but excluding accidental rupture or breakdown of the containers|of
mmable liquids, and/or gases

uipotential bonding
rmanent joining of conductive parts toform a positive electrically conductive path that
prpvides electrical continuity between non-current carrying conductive parts and is capable|of
conducting any fault current that can gecur

Note 1 to entry: This applies to bonding Wwithin the fuel cell system and between the fuel cell system and truck gnd
dogs not refer to the means to earth.the truck itself, such as with an earthing strap or with tires.

check-valve
fluid control device that allows fluids to flow in only one direction

ited power-circuit
cirfcuit invelwing a potential greater than 42,4 V peak (30 V RMS) or 60 V DC and whose power
affer 60—s of operation complies with the values outlined in Table 2B and Table 2C |of
IEC 60950-1:2005 and IEC 60950-1:2005/AMD2:2013

Note 1 to entry: A circuit that is low voltage under both normal and single fault conditions is referred to in
IEC 60950-1 as a safety extra low voltage (SELV).

3.5

low-voltage circuit

circuit involving a peak open-circuit potential of not more than 42,4 V (30 V RMS) or 60 V DC
supplied by a battery, a fuel cell, a transformer having a rated power output rating of less than
100 VA and a maximum secondary output of 30 V AC or by a combination of a transformer and
a fixed impedance that, as a system, complies with IEC 61558-1

Note 1 to entry: A circuit derived by connecting a resistance in series with a voltage supply circuit as a means of
limiting the voltage and current is not considered to be a low-voltage circuit.
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3.6

dilution boundary

extent of a flammable area or zone created by a limited release of flammable gas, internal to
the fuel cell power system or truck in which it is mounted, and controlled by mechanical
ventilation or other effective means

Note 1 to entry: This is outlined in IEC 60079-10-1.

3.7

electrostatic discharge
ESP

trgnsfer of electric charge between bodies of different electrostatic potentials in proximity |or
through direct contact

[SPURCE: IEC 60050-561:2014, 561-03-06]

3.
fu}l cell power system
generator system that uses one or more fuel cell modules to generate_electric power and hept

Note 1 to entry: See Figure 1 for a block diagram of a fuel cell power systemgThe fuel cell power system for yse
with industrial trucks will be in one of the forms as outlined in 3.9 and 3.10.

[SPURCE: IEC 60050-485:2020, 485-09-01, modified — addition of the Note to entry.]

3.
self-contained system
complete system incorporated into its own housing that is intended to replace or combine wjth
a battery system to power an industrial truck

Note 1 to entry: Display and control functions can be located outside the system's housing in proximity to the
opgrator's compartment. However, if counterweight'is required outside the system’s housing or direct communicatjon
is fequired between the system and the truck centroller, then it will be considered an integrated system (see 3.1(Q).

3.10

integrated fuel cell power system
complete system of fuel cell.components and parts that are incorporated into the industrial truck
with the various parts of the\system potentially distributed throughout the truck

3.1

hgzardous zone
any work area or ‘'space where combustible dust, ignitable fibres, or flammable, volatile liquids,
gases, or mixfures are or can be present in the air in quantities sufficient to produce explosive
orlignitable-mixtures as defined by IEC 60079-10-1

3.12
integral
something that is either contained within the fuel cell power system or is external to it, but is a
part of the fuel cell power system

3.13

lower flammability limit

LFL

minimum concentration of fuel in a fuel-air mixture where a combustion can be ignited by an
ignition source

Note 1 to entry: A fuel-air mixture is flammable when combustion can be started by an ignition source. The main
component concerns the proportions or composition of the fuel-air mixture. A mixture that has less than a critical
amount of fuel, known as the lower flammability limit (LFL) or more than a critical amount of fuel, known as the rich
or upper flammability limit (UFL), will not be flammable.
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3.14

maximum allowable working pressure

MAWP

maximum gauge pressure at which a fuel cell or fuel cell power system can be operated

Note 1 to entry: See Annex A for a comparison table of pressure terms.
Note 2 to entry: The maximum allowable working pressure is expressed in Pa.

Note 3 to entry: The maximum allowable working pressure is the pressure used in determining the setting of
pressure limiting/relieving devices installed to protect a component or system from accidental over-pressuring.

[SOURCE: IEC 60050-485:2020, 485-17-03, modified — addition of new Note 1 to entry.]

3.15
maximum operating pressure
MOP
highest gauge pressure of a component or the system that is expected during\normal operatipn

Nofe 1 to entry: See Annex A for a comparison table of pressure terms.

3.16

ngrmal release
limited localized volumes of hydrogen concentrations released-during normal operation that can
in¢lude fuel cell purge

3.17

ngrmal operation
alll operating and non-operating modes encountefed during product use that are not the resplt
of[a malfunction or failure

3.18
pressure relief device
PRD
pressure and/or temperature activated device used to prevent the pressure from rising above a
predetermined maximum and thereby prevent failure of a pressurized part or system

3.19

thermally activated pressure relief device

TRRD

pressure relief device (3.18) activated by temperature

3.20
risk assessment
overall process comprising a risk analysis and a risk evaluation

3.21
risk analysis
systemic use of available information to identify hazards and to estimate the risk

3.22
risk evaluation
procedure based on the risk analysis to determine whether a tolerable risk has been achieved

3.23

safety control

automatic controls and interlocks including relays, switches, sensors and other auxiliary
equipment used in conjunction therewith to form a safety control system, which is intended to
prevent unsafe operation of the controlled equipment
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3.24

safety critical component

component, device, circuit, software or similar part whose failure would affect the safety of the
fuel cell power system as determined in 4.16

3.25

service pressure

nominal working pressure

pressure, as specified by the manufacturer, at a uniform gas temperature of 15 °C and with full
gas content

Note 1 to entry: This term only relates to the hydrogen pressure vessel.

Note 2 to entry: See Annex A for a comparison table of pressure terms.

3.26

zaone system of classification

means for classifying areas within the fuel cell power system using the methods outlined
IEC 60079-10-1

n

4 | Construction requirements for safety

4, General

Arny component of a product covered by this document shall comply with the requirements for
that component. Normative references for standards eovering components used in the produgts
covered by this document are given in Clause 2.

A gcomponent is not required to comply with a spécific requirement of the normatively referenced
standards that:

— | involves a feature or characteristic ot required in the application of the component in the
product covered by this document;

— | is superseded by a requirement in this document, or
— | is separately investigated when forming part of another component, provided the compongnt
is used within its establisfied ratings and limitations.

Arnly component shallube used in accordance with its rating established for the intendgd
conditions of use.

Sgecific componhents are incomplete in construction features or restricted in performange
capabilities {Such components are intended for use only under limited conditions, such ps

ground-fault circuit-interruption, surge suppression, any other similar functions, or any
combination thereof, shall additionally comply with the requirements of the applicable standard

that covers devices that provide those functions.
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4.2 Hydrogen and other fluid containing parts

4.21 General

Pressure or fluid containing parts shall be resistant to the action of the fluid.

Metallic parts containing hydrogen gas shall be resistant to hydrogen embrittlement as outlined
in ISO/TR 15916. If employing a material other than as outlined in ISO/TR 15916, an evaluation
for susceptibility to hydrogen embrittlement will need to be conducted in accordance with
ISO 11114-4 or ISO 2626.

W
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pdrts), shall be suitable for the application as determined by ISO 1419, ISO 1421, ISO 1322
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4.]
1)

nere atmospheric corrosion of a part containing fluid interferes with its intended function;
rmits external leakage of a fluid creating a hazardous condition, the part shall be<made
rrosion-resistant material or is to be provided with a corrosion-resistant protective coating

y elastomeric parts, relied upon for safety such as a seal for fluids other ‘than hydroge
ich could create a hazard when leaked (for example, a gasket between elegtrical and wett

D 16010 and ISO 4675, as applicable.

y elastomeric parts employed as a seal for hydrogen shall be saitable for use with hydrogg
e elastomeric materials outlined in ISO/TR 15916 shall be‘considered for reference a
idance. The material shall be evaluated for tensile strength_and elongation as-received a
er oven-ageing (based on service temperatures) in accordance with 5.20.

p.2 Piping, hoses, tubing and fittings

Where conveying gases at gauge pressuresiwexceeding 103,4 kPa, liquids at pressur
exceeding 1 103 kPa, or temperatures exceeding 120 °C, piping and associated compone
parts shall be designed, fabricated and tested to conform to all applicable specifications
ISO 15649.

piping shall be evaluated to the :requirements of this document with consideration given
materials and fluids contained and service conditions, including pressures a
temperatures. Non-metallic piping containing gaseous hydrogen or methanol fuel shall
designed, fabricated and tested to the additional requirements in 6).

Non-metallic hoses used for gaseous hydrogen or methanol fuels located outside the fu
cell power system and subject to physical stress shall meet the hydrostatic testing, adhesi
(rubber only), flexibility, low-temperature flexibility, ozone resistance (for hoses with

outer protective.cover of rubber), UV resistance (for hoses with plastic cover), permeabil
to gas, electrical conductivity, and end fitting integrity tests of ISO 14113. Materials shall
suitable ferservice with hydrogen fuel, or the fluid contained (i.e. methanol), in accordan
with 4.2,1. Flexible hoses longer than 1,5 m shall have a stainless-steel wire bré
reinforce€ment.

Flexible metal connectors and associated fittings, when used for conveying gaseo

or
of
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Piping utilized at levels below the pressures and/or temperatures noted in 1) and nonmetallic

to
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hydrogen, shall comply with ISO 10806 and ISO 10380, as required.

A hydrogen fuel line shall be supported to minimize chafing and to maintain at leasta 51 mm

clearance from exhaust- and electrical-system parts.

a) Electrical equipment and sensors in limited power circuits that do not have enough
electrical energy to damage a fuel line are not required to comply with this requirement.

b) If it can be demonstrated that the fuel lines and wiring are sufficiently supported

to

prevent the clearance from being reduced to less than 12,7 mm, the clearance between

fuel lines and electrical-system parts can be reduced.
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6) Non-metallic hydrogen and methanol fuel lines shall:

3)

4)

5)

6)

7)

8)

be protected within ventilated enclosures where they will be subject to a minimum of
mechanical or physical stresses;

be conductive to avoid static discharge. Compliance is determined by the continuity test
of 5.10 2) for metal fuel lines, and of 5.10 3), for nonmetallic fuel lines;

employ materials that have been evaluated and found suitable for the fluids they contain
with consideration given to temperatures they are exposed to during service. Compliance

shall be determined by 5.20 and 5.21, as applicable; and

— r‘nmlnly with the ESD rnnluirnmnm‘c for 1S0O 4038 when connected between the fi

el

™D

3 Hydrogen pressure vessels

system and the stack.

Pipe, tubing, fittings, and other piping components shall be capable of withstanding
minimum hydrostatic test of 1,5 times the rated service pressure without structunal failu
High-pressure pipe, tubing, fittings, and other piping components shall have asafety marg
equivalent to the storage cylinder in use. See 4.2.3.

Pressure vessels shall be specifically designed for the service conditions of the industr
truck application that include the maximum number of fill cycles expected, the ranges
pressures and temperatures expected during operation and filling, the effect of hydrog
on fatigue life and the frequency of inspection.

With reference to 1), a pressure vessel shall be designed,) manufactured, and tested w
the following conditions and limitations:

a) container Category C defined in ISO 19881 shall(apply;

b) for Type 1 vessels, the vessel shall be {designed and tested in accordance w
ISO 19881;

c) the term "working pressure" of the vessebhas defined in ISO 19881 is identical to "servi
pressure” in this document;

d) for Type 3 and Type 4 vessels, the'vessel shall be designed and tested in accordan
with ISO 19881, UN GTR No.13-and UN Regulation No. 134;

e) the vessel shall be designed-for the excepted life of the fuel cell power system and 1
fewer than 11 250 full fillxcycles.

NOTE *“11 250 full fill cyeles”, for example, 3 refills/day, 365 days/years, 10 years = 10 950 cycles.

A pressure vessel andfill fitting shall be placed within the plan view outline of the industn
truck or placed in.an enclosure as defined in 4.13 and located to minimize the possibility
damage to the vessel or hydrogen-related fittings.

An excess-flow and check-valve, if present, shall be directly connected to the pressy
vessel orymounted in line with the pressure vessel, where there is no shut-off device
between\the pressure vessel and the check valve, so as to minimize the negative effects
shoekj.vibration and accidental damage.

The-refuelling line shall be fitted with a redundant check valve for the check valve in t

n
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receptacle specified in ISO 17268.

Pressure vessels shall have a provision for being de-fuelled (de-pressurized) and purged
hydrogen using an inert gas as outlined in the operating instructions or the maintenan
manual, as applicable, provided with the fuel cell power system.

of
ce

A manual valve to isolate the fuel supply shall be located near the pressure vessel so that
the fuel supply to the fuel power system can be shut off for maintenance or long-term

storage.

The hydrogen pressure vessel shall be permanently mounted to the fuel cell power system
module or to the industrial truck to ensure the pressure vessel does not become dislodged

while in use and is not removable for refuelling.
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4.2.4 Metal hydride container

Fuel storage systems using hydrogen stored in metal hydrides shall comply with Clause 4,
Clause 5, and Clause 6 of ISO 16111:2018.

4.2.5 Methanol fuel tank

1) Methanol fuel vessels shall be constructed of suitable materials in accordance with 4.2.1
and 4.2.2 and shall meet the requirements as noted below. Such vessels, and their related

joints and fittings, shall be designed and constructed with adequate strength for functional
and leakage resistance to prevent unintended releases

ity

2)

3)

4)

5)

TH
sh

4.4
1)

2)

3)

4)

.3 Refueling

Methanol fuel vessels shall be specifically designed for the service conditions of.t
industrial truck application that includes the ranges of pressures and temperatures expect
during operation and filling, the effect of methanol on fatigue life of the tank, and t
frequency of inspection.

A manual valve to isolate the fuel supply shall be located near the fuel tank-soe that the fy

A methanol fuel vessel and fill fitting shall be placed within the truckyenvelope or placed
an enclosure as defined in 4.13, and located to minimize the possibility of damage to t
vessel or fittings.

The methanol fuel tank shall be permanently mounted to theAfuel cell power system modt
or to the industrial truck to ensure the tank does not become-dislodged while in use and
not removable for refuelling.

e refueling interface shall correspond to the container pressure rating (see 4.2.3 2)c)) a
all be in accordance with ISO 17268.

Ll Over-pressure and thermal protection

The hydrogen pressure vessel shall\be protected from the effects of fire by a nonreclosi
thermally activated pressure relief-device (TPRD) that is designed, manufactured and test
in accordance with 1ISO 19882.

Components and piping located downstream of a pressure reducing valve that are rated
a pressure that is lower than the maximum inlet pressure of the pressure reducing val
shall be protected from~over-pressure in the event of a failure of the pressure reducing val
by way of a pressure relief device.

Pressure relief devices shall be suitable for their application, including materials in conta
with hydrogen-and pressure and flow ratings.

Pressure relief devices operating at over 1 000 kPa shall be sized and designed to limit t
pressure.during a fault to less than 110 % of the maximum allowable working pressure. R
closuré_shall occur at no less than 90 % of the set point. Pressure relief devices operati
at or'below 1 000 kPa shall be sized and designed to limit the pressure during a fault to le
than’125 % of the maximum allowable working pressure. Re-closure shall occur at no lg

supply to the fuel cell power system can be shut off for maintenance or long term storage.
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5)

6)

than 90 % of the set point. Fuel cell stack shall be protected in accordance w
IEC 62282-2-100.

When provided, pressure relief discharge piping shall be sized to ensure compliance w
4.4 4).

ith

A pressure relief device shall have its discharge located so that operation of the named

device does not result in a hazardous situation such as:

a) hydrogen gas in excess of 25 % of the lower flammability limit (LFL) escaping to an
unclassified or pressure-confined area within the fuel cell power system. The discharge
of the pressure relief device can be located within the fuel cell power system by using
an adequate ventilation or implementing an adequate safety-controlled system

composed of a hydrogen sensor and a hydrogen shut-off valve plugging the leak in ca
of detection;

b) deposition of moisture on live parts that could create a risk of electric shock;

Se
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c) possible access of foreign objects, moisture or debris to enter the venting system not
protected by caps, covers or other means;

d) chance for the venting system to become unsecured or removed such that it would affect
the intended flow path, or

e) the pressure release being directed towards or impinged towards the normal operator
position.

A pressure relief device vent shall be secured at intervals in such a manner as to minimize
the possibility of damage, corrosion, or breakage of either the vent line or the pressure relief
device due to expansion, contraction, vibration, strains, or wear and to preclude any

loosening while in operation.

The vent system including the outlet connection of the relief device and associated vent
lines shall be designed to withstand the maximum pressure developed during full flpw
operation of the relief device without becoming detached from its securementifprovided,
the vent cap shall be secured for the safety.

Pressure relief devices, as shown in the examples in Figure 2, Figure 3, andFigure 4, shall
be in accordance with ISO 15649.

------------------- Vent-system
Press relief y

Ventline

Manual valve

[ Storage vessel Fuel cell system

Regulator
TPRD A . ;
IEC
Figure 2 — Example of a diagram with vent system covering

components downhstream of the regulator
P e e e e e AN e Press relief ---------==-=---------- Vent system
i Vent line |
! Manual‘valve E
i [ Storage vessel Fuel cell system E
i Regulator i
1 TPRD E
"""""""""""""""""""""""""""""""""""""""""""""""""""""" IEC

Figure 3 — Example of a diagram with vent system covering all components
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== e e Press relief -----cemmmmmmeeee Vent system

Manual valve

[ Storage vessel ]%—

TPRD

Vent line

~{>El<} Fuel cell system

4.5

Regulator

Manual valve

[ Storage vessel J%—

bt n el ettt el ettt el adiatieteiaiaiaiainiel | Vi duiiailaieieieiaeit ! IEC

Figure 4 — Example of a diagram with vent system.covering
all components in a multiple storage vessel system

Regulators

THhe gas pressure regulator shall be equipped with a ventlimiter or a vent line.

4.6

Operating and shut-off valves

Valves shall be rated for the application, including pressure, temperature, fluids contactg
and electrical ratings, if applicable.

a) Electrically operated valves shall comply with ISO 23551-1.

b) Valves for high pressure piping shall be tested in accordance with ISO 15649, inste
of the external leakage test-and the hydrostatic strength test of ISO 23551-1.

c) Valves for flammable fluids shall comply with ISO 23551-1.

Fuels supplied to the fuel-cell power system shall be supplied through fuel lines provid
with at least one automatic safety shut-off valve. The safety shut-off valve can also be
operating valve. The closing time for a safety shut-off valve shall be no greater than 5 s.

If an emergency manual shut-off valve is deemed necessary according to 4.16, it shall
in a readily accessible location and shall not have more than 90° rotation from the open
the closedypositions. Any key or tool shall not prevent access to the manual shutoff val
The valve-shall be securely mounted and shielded or installed in a protected location
minimize damage from vibration or collision.

Where a manual valve is used, the valve shall be indicated with a marking in accordan

be
to
e.
to

ce

with Clause 7 3)f).

4.7

Electrical and other automatically operated safety shut-off valves shall fail in a safe position.

Electrical valves located in classified areas shall be rated for the area of classification.

Filters

Air and fluid filters shall be suitable for the application and readily accessible if required to be
inspected, cleaned, or replaced.

4.8

Pumps and compressors

1) Air compressors and air vacuum pumps employed in the system shall comply with

2)

ISO 10442.
Water pumps shall comply with [EC 60335-2-41.
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Chemical and gaseous hydrogen pumps and compressors shall be evaluated to the
applicable material compatibility requirements, mechanical and electrical requirements of
this document.

A flammable fluid compressor or pump with rotating or other type dynamic seals, shall be
provided with adequate ventilation so that small releases of hydrogen under normal
operating conditions shall not allow the concentration of hydrogen to be above 25 % of the
lower flammability limit (LFL) in the unclassified areas of the fuel cell power system during
normal release.

Electrically operated pressure sensing and controlling devices

1)

2)

2)

3)
4)

5)

6)

.10 Ventilation to prevent the build up of flammable gases

Pressure activated switches and transducers shall be rated for the application. A pressyre
regulating control for a flammable or combustible fluid shall be suitable for its classificatipn
and the fluid it contains.

The maximum operating pressure of a pressure limiting or regulating conttaol shall not
exceed 90 % of the operating pressure of a pressure relief device. An Jaccessible apd
adjustable pressure regulating control that can exceed the limits of the'system shall pe
reliably sealed at the maximum operating pressure at which it is intended-to operate.

A fuel cell power system shall be provided with adequate ventilation so that normal releasgs
under normal operating conditions shall not allow the concentration of hydrogen to be aboye
25 % of the lower flammability limit (LFL) in the unclassified zones of the fuel cell power
system. This normal release shall include nominal stack fuel leakage rates or fuel purges
that can occur during operation.

The diluted concentrations of hydrogen exiting ¢he fuel cell power system even duripg
abnormal operation shall not exceed 25 % of thie Jower flammability limit (LFL).

NOTE See IEC 62282-3-100 or IEC 62282-5-100.

The extent of a flammable region at a source of limited release (dilution boundary) shall pe
determined through appropriate analysis as outlined in IEC 60079-10-1.

Equipment located within the dilution boundary shall be suitable for the classificatign.
Reference can be made to IEC 60079-0.

Abnormal releases of flammable fluids shall not create a safety hazard in accordance wjth
4.16, and shall result in ‘the appropriate action, including the prompt shut down of the
equipment, if necessarythat will mitigate the hazard or prevent the creation of additional
hazards.

Mechanical ventilation shall be provided to keep the dilution boundary of 25 % lower
flammability limit) (LFL), under conditions of normal release, away from the unclassified
components. Eailure of ventilation shall cause the fuel cell power system to respond in such
a way that.\shall mitigate any hazard or prevent the creation of additional hazards |in
accordance with 4.16. This can include shutting off, either through the detection of high gpas
concentration or with ventilation interlock provisions.

a) \Limited, localized volumes of hydrogen concentration within the fuel cell power system
can momentarily exceed the 25 % LFL of the hydrogen, but it shall be determined,|in

7)

8)

accordance with 4.10, that this transient condition does not create a safety hazard.

b) Mechanical ventilation is not required if it can be determined that the flammable gas
concentration level falls below 25 % LFL under any conditions of normal release.

If gas detection is employed as a critical safety component in the fuel cell power system,
the gas detection system shall comply with IEC 60079-29-1 and IEC 60079-29-4. Gas
detection systems shall be located where they can most effectively measure the
accumulation of hydrogen within the fuel cell power system and monitor the ventilation
output as determined necessary.

If gas detection is employed as a critical safety component in the fuel cell power system, it
shall be Ilocated in a control circuit that complies with [EC 60730-1:2013,
IEC 60730-1:2013/AMD1:2015 and IEC 60730-1:2013/AMD2:2020, Annex H, and in
accordance with 4.15.1 of this document.
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9)

In case of hydrogen leakage, the shut down valve shall be automatically operated. Similar
the electrical switch shall be automatically shut down. The safety hydrogen sensor sh

ly,
all

remain operational provided this does not increase the risk. In case of hydrogen safety
sensor failure, the shut down valve shall be automatically operated. Similarly, the electrical
switch shall be automatically shut down. Considering battery and tank safety testing, the

appropriate documents such as IEC 62619 should be applied.

10) Ventilation openings and ducts shall not become obstructed or compromised when the fuel

11

2)

3)

4)

5)

6)

2)

3)
4)
5)

6)

.11 Electrostatic discharge (ESD)

.13 Endlosures

cell power system is normally operated in the truck.

hazard in accordance with 4.16. Fans shall comply with IEC 60335-2-80. Ventilators.sh
comply with ISO 21927-3.

Hydrogen fuel containing parts and parts within classified zones (see 3.26) of'the equipmsg
shall be constructed of materials that do not promote static discharges!

The exposed portion of moving metal parts such as fan blades. ahd wheels, located|i

classified areas of the system shall be made of, or covered with, medium brass, bronz
copper or aluminum with hardness not more than Rockwell B66-'Energy storage componer
such as batteries or ultracapacitors, and major power electronies components, such as fi
cell stack module, shall have their external conductive cases equipotentially bonded.

) Fans, blowers, and other devices employed for the ventilation system shall be suitable for

the build-up of flammable gas, the failure of the ventilation system shall not create a safe

nt

ty
all

Components with non-current carrying metal parts andcases located in classified zones

within the equipment shall be equipotentially bonded:

When a self-contained fuel cell power system issinstalled in a truck, a conductive path shill

be provided between the fuel cell equipment{components requiring equipotential bondi
and the chassis of the truck.

Any fuel receptacle on the fuel cell .power system provided for refuelling shall
equipotentially bonded to the fuel cell; power system chassis.

Markings and instructions regardingithe hazard involved with the buildup of static dischar
and the means to mitigate this hazard shall be in accordance with Clause 7 3)d) and 8.4
2 Discharges including methanol emissions and waste materials

The fuel cell power system shall be constructed so that waste materials, including wat

are not exhausted, discharged or leaked in a manner that could create unsafe conditiong.

Emissions from methanol fueled fuel cell power systems shall not exceed safe limi
Compliance is (determined by the emission of effluents test of 5.16. Systems shall
designed to prevent emissions from entering the passenger compartment of the end u
industrial truek application.

A fuel cell power system shall be enclosed for protection from access by persons

to
at

électrical parts, safety circuits, hazardous moving parts, hot surfaces, and other parts th

HAHHEA L

pcon ba o ricle ~F H
vaTlT VO A TToNn Ul Illjuly.
Openings in a fuel cell power system enclosure of hazardous parts shall be located a

sized to provide adequate protection from access to hazardous parts complying with
minimum IPXXB or IP2X minimum rating as outlined in IEC 60529.

An external enclosure for a fuel cell power system provided with an IP rating in accordan
with Clause 7 2)j) shall comply with the rain test in 5.17.1.

An external enclosure shall comply with the test of 5.18.1, unless the required protection
provided by the truck for an integrated fuel cell power system.

Non-metallic enclosure materials shall be flame rated V-1 minimum in accordance w
IEC 60695-11-10 or shall comply with the test for thermoplastic materials in 5.19.

Any thermoplastic enclosure of a fuel cell power system shall be suitable for the range
temperatures that it is subjected to during use.

nd
a
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7) The system enclosure shall be designed to prevent the accumulation of liquids inside the
enclosure. Drains are one potential means for compliance.

4.14 Electrical system

4.14.1 General

1) Electrical components shall be rated for the application and conform to the appropriate
document for those components. They shall be located and secured so that they are not
adversely affected by vibration, temperature, environment and other effects during normal
operation of the fuel cell power system.

2)| If electrical equipment internal to the fuel cell power system is located in hazardous zonés,
it shall be identified and managed according to IEC 60079-0.

3)| EMC is subject to regional requirements. See ISO/TS 3691-7 and ISO/TS 3691-8.

4.14.2 Internal wiring

1)| Internal wiring shall consist of any of the following:

a) general-use wire specified in IEC 60364;

b) appliance-wiring material of one or more of the types specified’in Table 1.

2)[ The wiring shall be considered with respect to the temperature'and conditions of service|to
which the wiring is to be subjected in the end truck installation!

3)| Atthe connection to a component, wiring is permitted to extend beyond the braid for a length
of no more than 254 mm.

4)| Appliance-wiring material having a thickness of insulation less than the minimum acceptable
value specified in Table 1 is permitted for a particular application, provided the insulation|is
considered with respect to temperature and conditions of service and is equivalent to ope
of the materials specified in Table 1.

5)[ A bare conductor is permitted to be insulated with insulating tubing.
6)| Wiring shall be protected against mechanical damage by:

— enclosing it within the fuel cellpower system enclosure for self-contained fuel cell power
systems, and

— enclosing it within the body of the truck for integrated fuel cell power systems.

7)| A conductor connected::fo a moving or movable part that cannot be protected, shall pe
designed for the intended use and shall comply with the test requirements in this document.
Consideration shall be given to the resistance of the conductor to damage resulting frgm
flexing, abrasion;;or impact. Flexible metallic conduit is to be used only for flexibjle
connections subject to small and infrequent movements.

8)| Wiring connections to a continuously moving part, or a part for which the degree |of
movement-is appreciable, shall be in accordance with IEC 60227-5.

9)| Thetubihg can be omitted from exposed moving conductors that are readily visible to the
operator and are, therefore, subject to replacement when damaged. The maintenange
manual shall include instructions regarding inspection of these conductors for replacemgnt
wihenm darnmage occurs i accordance withr 8-2757:

10) All of the connections shall be mechanically secure and shall provide electrical contact
without stress on connections and terminals. A connection shall be provided with insulation
equivalent to that on the wires involved.

11) A hole, through which insulated conductors pass, shall be provided with a smooth, rounded
bushing, or shall have smooth, rounded surfaces upon which the insulated conductors may
bear.

12) Wireways shall be smooth and free from sharp edges, burrs, fins, or moving parts that can
damage wiring.

13) An internal-wiring connection shall be made with a solder lug or pressure terminal
connector.


https://iecnorm.com/api/?name=b9405d7d1d86dbad9552f32fbecc996f

IEC 62282-4-101:2022 © |EC 2022 - 25—

14) Control wiring and other small conductors, which are connected by crimped or soldered
special-type lugs or eyelets including barrel terminals or by ultrasonic welding and that are
insulated in accordance with 7), comply with the intent of this requirement.

15) A terminal lug shall be arranged so that in any position it cannot contact either the metal
enclosure and non-energized accessible metal parts or other electrical circuits, or the shank
of the lug shall be provided with insulation equivalent to that on the conductor.

Table 1 — Appliance-wiring material

Wire insulation Minimum acceptable average insulation thickness
g =4

mm

Rubber, neoprene or thermoplastic (PVC) 0,38 plus an impregnated braid, or 0,75 without a (braid

4.14.3 External wiring

1) An external electrical output lead shall be of a size and capacity such.that for a rated power
output, the insulation temperature does not exceed its rating 7at maximum ambignt
temperature. It shall be provided with insulation able to withstand flexing, handling, and
impact at temperatures between 50 °C and —-20 °C. If intended for exposure to extreme
temperatures above 50 °C and at or below —-20 °C, the lead shall comply with 5.22. The
average insulation thickness shall be fixed in accordange . with IEC 60227-3. The length|of
the lead and connector assembly shall be as short as\practicable without interfering wjth
the disconnecting operation and without placing stress on terminals when installed in the
truck.

2)| An external electrical output connector shall be‘rated for the output of the fuel cell power
system. Live parts shall be recessed from the.face of the connector to reduce the possibiljty
of shorting. A removable portion of the connector shall be provided with means for beipng
grasped during removal. The connectarishall be located to provide mechanical protectipn
when the fuel cell power system is installed in the end use.

3)| External wiring shall be protectedcagainst mechanical damage by
a) enclosing it in the body of the truck,

b) enclosing it in a metal.raceway such as armored cable, rigid metal conduit or electrigal
metallic tubing, or

c) protecting it with. metal, phenolic composition, or other thermosetting material havipg
equivalent mechanical strength and resistance to impact and having no greater
combustibilitythan phenolic.

4)| This enclosure-or protection shall be such that any flame or molten material, which can pe
caused by“an electrical disturbance in the wiring, cannot reach surrounding combustible
material:

ThisS<requirement does not apply to flexible external leads that require flexibility for
disconnection, output leads of the fuel cell power system for example, that comply with 1

~
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4.14.4 Emergency switching off requirements (disconnection) for connections for fuel
cell power system

1) An emergency switching off control or battery connector when used as an emergency
switching off device shall be accessible to the operator in the normal operating position at
all times.

2) The emergency switching off device shall be capable of interrupting without danger the
power supplies to all moving elements where an interruption does not increase the potential
risk. It shall be capable of interrupting the normal maximum current (including motor starting
current) by one of the following methods:
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a) fuel cell connector for voltage up to and including DC 120 V DC. Above 120 V DC,

provision shall be made to prevent the use of the battery connector for emergency
switching off purposes;

b) manually actuated power switch directly disconnecting one line of power supply;

c) manually actuated control switch disconnecting the power supply to the coil of one

contactor in one line of the power supply. Simultaneously the power controller (e.g.
inverter or controller for separate excited motors) shall be deactivated. In trucks driven
by series-wound DC motor(s) with mechanical commutator without power controller, two

independent contactors are necessary to switch off battery supply.

In the case of b) or c), they shall be a positive action type in accordance with [EC 6094 7-§-1
and the actuator coloured red. See also IEC 60947-3.
A contrasting colour shall be used if the background is red.
It shall be possible to re-establish the power supply to the moving elements only,by manual
resetting of the switching off device followed by the normal operation of thé controls.

3)| If the fuel cell connector is used as an emergency switching off system, the removable part
of the connector shall have a means for disconnecting without damage to the fuel cell
connectors or cables.

4)| When the connector is used for emergency switching off, the~device shall be capable |of
being disconnected quickly in case of emergency and the two'half-connectors shall be able
to be separated easily. The maximum force to separate the'two half connectors shall not
exceed 150 N.

4.14.5 Motors

Motors shall comply with IEC 60034, unless they areJocated in limited power circuits.

A motor cannot comply with this requirement f located in a low voltage circuit.

4.14.6 Switches and motor controllers

1)] A motor controller or switch shallbe rated for the load that it controls. A motor controller
shall have the current interrupting capacity not less than the locked rotor load of the motor
controlled in accordance wwith |IEC 60204-1 and shall comply with the additional
requirements for motor conftrols as specified in ISO 20898.

2)| A switch that controlsgantinductive load other than a motor, such as transformer, shall not
be less than twice therated full-load current of the transformer, or similar device, unless
the switch has been.investigated and found acceptable for the application.

4.14.7 Transformers and power supplies

1)| Transformers located in hazardous voltage circuits shall be provided with overcurrgnt
protection.

2)| Class2 and Class 3 transformers shall comply with IEC 60950-1 or IEC 61204-7.

3)| Rower supplies other than Class 2 shall comply with IEC 60950-1 or IEC 61204-7, jas

[H Ll
appIieavic.

4.14.8 Inverters, converters and controllers

Inverters, converters and controllers shall be subjected to the abnormal condition tests (faulted
components) of IEC 62477-1.

4.14.9 Lamps and lampholders

1)

Lamps and lampholders shall be totally enclosed. A lamp lens shall be protected against

mechanical damage by bars, grids, recessing or equivalent means.

2) A light emitting diode (LED), vacuum fluorescent display (VFD), backlit liquid crystal display

(LCD), and any other display that can be a source of ignition when mechanically damag
shall be protected against mechanical damage.

ed
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4.14.10 Energy storage components

4.14.10.1 Batteries
Secondary lithium batteries shall comply with IEC 62619 and shall be protected from

1)

2)
3)

4)

reverse polarity charging.
Lead acid type batteries shall comply with [IEC TS 61430.

Other chemistries, such as nickel-cadmium or nickel-metal-hydride cells, shall comply with

IEC 62133-1.

For batteries employed as a fuel cell power system/power battery combination:

5)

Fa

1)

2)

.14.10.2 Double layer capacitors (ultracapacitors)

a) Cells employing metal containers, such as alkaline batteries, shall be insulated from-ohe

another and from a metal tray or metal battery compartment. Insulation of wood/ar6th
material shall be:

i) treated or painted to reduce deterioration by the battery electrolyte, and

er

ii) constructed to reduce the risk of damage to the insulation during the normal

operation and maintenance of the truck.

b) Battery terminals shall be connected in a safe way avoiding \any possibility that
conductive component could connect battery terminals generating an electric arc.

c) Battery terminals shall be protected by insulating boots orceovers, if applicable.

A terminal that is intended to be connected to ground on-the’truck frame can be providgd

with a boot or cover.

r ultracapacitors employed as a fuel cell power system/ultracapacitor combination:

Integral charging circuits for ultracapacitors: which shall comply with IEC 62391-1 a
IEC 62391-2 shall be provided with reliable ' means of protection from overvoltage chargi
conditions and if necessary, overcurrent-charging and discharging conditions.

Ultracapacitors employing metal containers shall be insulated from one another and from
metal tray or metal capacitor compartment. Insulation shall be constructed to reduce t
risk of damage to the insulationduring the normal operation and maintenance of the trug

The metal container of an\ultracapacitor that is connected to the negative electrode of t
capacitor (negative electrode and the metal container or not insulated internally from ea
other) shall be considered part of the negative electrode and shall be enclosed or provid
with an insulating eover.

Ultracapacitor tenminals shall be connected in a safe way avoiding any possibility that
conductive camponent could connect ultracapacitor terminals generating an electric arc.

Ultracapacitor terminals shall be protected by insulating boots or covers, if applicable.

A terminal that is intended to be intentionally connected to ground on the truck frame ¢
be provided with a boot or cover.
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Béfore maintenance or service of ultra-capacitors ensure they are fully discharged or t
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4.14.11 Electrical insulation
Materials employed as electrical insulation shall comply with ISO 1798, ISO 2440, ISO 179

1)

(all parts), ISO 180 and ISO 877 (all parts).

The thickness of an insulating barrier employed as the sole insulation between uninsulated

live parts and non-current carrying metal parts or between parts of opposite polarity sh
be 0,71 mm thick minimum.

all

For a system with output rated 24 V DC or less, the thickness shall be 0,33 mm minimum.

For a system rated more than 24 V DC, where there is a minimum of half of the required
acceptable spacing through air, a barrier or liner can be employed that has a minimum

thickness of 0,33 mm.
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For a system rated 24 V DC or less, the thickness shall be 0,15 mm minimum.

4.14.12 Limited power circuit

Al

imited power circuit shall comply with the test of 5.13.

4.14.13 Electrical spacings

The spacings in a fuel cell power system for industrial trucks shall not be less than as outlined
in Table 2.

Minimum acceptable spacings are not specified in a limited power circuit as defined in 4,141

Minimum acceptable spacings within a component shall be determined by the~componsg
dogcument.

Minimum acceptable spacings can be reduced from that outlined in Table 2 if the circuits g
evfaluated in accordance with IEC 60664-1, and the following:

1)

2)

3)

The reduced spacing requirements shall not be used at electrical.econnections to the tru
or for spacings to a non-current carrying metal enclosure.

The fuel cell is to be rated for overvoltage category | and-pollution degree 3 as defined
IEC 60664-1. Circuits provided with protective enclosures/without ventilation openings
allow for the entrance of dust, humidity and other conductive debris can be consider,
pollution degree 2 and circuits that are in hermetically sealed or encapsulated enclosur
can be considered pollution degree 1.

In order to apply clearance B (controlled ovérvoltage) clearances, control of overvolta
shall be achieved by providing an overvoltage device or system as an integral part of t
fuel cell.

All printed wiring boards are considéefed to have a minimum comparative tracking ind
(CTI) of 100 (material group lllb).

nt
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Table 2 — Spacings

Nominal voltage 24 V DC or less Nominal voltage greater than 24 V
Dc?
Location
Through air Over surface Through air Over surface
mm mm mm mm
In a power circuit — between
a bare live part and (1) a
bate-live. pari of r\rr_\rr_\r\eih: 5 5 W 5 Wi = 57 =
pplarity, or (2) a bare ’ ’ ’ '
grounded part other than the
epclosure

m a power circuit at a
gcation where conductive
st cannot accumulate, 0,8 1,6 1,6 3,2
Lich as a small totally
hclosed cavity ¢

(OB e N~

n other than a power circuit
between a bare live part
hd (1) a bare live part of
pposite polarity, or (2) a
pre grounded part other
han the enclosure

o |

1,6 1,6 1,6 1,6

- OO

n other than a power circuit
I a location where

bnductive dust cannot 0,8 078 0,8 0,8
ccumulate, such as a small

¢tally enclosed cavity 9

0O

—

- 0

etween any uninsulated
e part and the ultimate 12,7 12,7 12,7 12,7
hclosure ©

o =

etween any uninsulated
e part and the ultimate

=@

ehclosure where the

ehclosure is formed of 0,4 6.4 6.4 6,4

3}2 mm thick cast metal or

6l4 mm thick steel plate ©

NOTE A circuit is considered a power circuit if it supplies a motor-control circuit that is not provided with
olercurrent protection. A circuit is not considered a power circuit if it supplies a circuit with overcurrent protectign.

al Maximum of150'V.
These gpacings apply to a system not electrically connected to the frame.
¢l These spacings also apply to a nominal 24 V DC or lower-voltage system electrically connected to the fram¢.

Such as a point where a motor terminal passes through the motor frame.

¢ If deformation of the enclosure at the point of measurement of spacings is likely, the spacings after deformation
shall be as specified.

4.14.14 Separation of circuits

1) A limited power circuit shall be separated from all other circuits either by:
a) locating the circuit in a separate enclosure,
b) proving through-air and over-surface spacings as noted in Table 2, or

c) the use of barriers.
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An internal wiring insulated conductor of a limited power circuit shall be either separated
barriers or segregated from live parts connected to different circuits or provided w
insulation acceptable for the highest voltage involved.

The barriers noted in 1)c) may be bonded metal of not less than 0,51 mm thickness or
insulating material of not less than 0,71 mm thickness.

Conductors of circuits operating at different potential shall be reliably separated from ea
other unless they are each provided with insulation acceptable for the highest potent
involved.

by
ith

of

ch
ial

Electrical separation of an individual circuit shall be applied according to the requirements

2)

3)

NQ
co

2)

4,

Fy

.15 Control circuits

.15.1 Safety controls

.15.2 Start

.15.3 Drive off
The fuel cell power system shall include means to minimize the likelihood of moving t
industrial truck with the fueling hose attached.
TE The drive off protection means can include an interlock switch in the fueling receptacle, an interlock cirg

of [EC 60364-4-41:2005, Clause 413.

Electronic circuits relied upon for safety (a safety critical component, for example) shall
evaluated in accordance with IEC 607030-1:2013, IEC 60730-1:2013/AMD1:2015 a
IEC 60730-1:2013/AMD2:2020, Annex H.

Software relied upon for safety as a safety critical component shall be evaluated
accordance with level C given in 1SO 13849-1. The electronic‘hardware of the softwa
safety system shall be evaluated in accordance) Wwith [EC 60730-1:201
IEC 60730-1:2013/AMD1:2015 and IEC 60730-1:2013/AMD2:2020, Annex H.

As an alternative, electronic circuits and programmablé software controls relied upon
safety can be evaluated according to IEC 61508 (all parts) or ISO 13849-1 and ISO 13849

The start of an operation shall only be possible’when all of the safeguards are in place a
are functioning in accordance with 4.16. Thefuel cell power system shall be started only
an intentional operation of the start sequence unless it is determined that there is minin
risk with automatic restarting as determifned by 4.16.

Restart of the fuel cell power system from a stop shall not result in a hazardous conditi
as determined by 4.16.

nected to the dispenser, or other means.

Switches, circuits, and the like used for drive off protection shall be suitable for the loc
area classification in which they are used. See 4.10 4).

5.4 Emergency stop

elccell power systems shall be provided with an emergency stop mechanism.

be
nd
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4.16 Risk assessment and risk reduction

The manufacturer of the fuel cell power system shall conduct a risk assessment and perform
k reduction using the principles and methodology in accordance with 1SO 12100,
IEC/ISO 31010, IEC 60812, and IEC 61025.

ris

NOTE Hazards addressed in the risk assessment and risk reduction include but are not limited to:

a)

b)
c)
d)

mechanical hazards, such as sharp edges or corners, protruding parts, moving parts, rotating or sliding parts,

mass, and center of gravity;
liquids;
flammable or pressurized gases;

risk of fire and electric shock;
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e)

f)

5

temperature, such as hot surfaces;

loss of output (loss of power to the industrial truck) and loss of control.

Performance requirements for safety and type tests

5.1 General

1) For the tests in 5.2 t0 5.22, the fuel cell power system shall operate at maximum power with

2)

controls set to maximum normal limits, unless otherwise noted in the test methods.

As a result of the tests in 5.2 to 5.22 there shall be no leakage from parts containing lig

d

5.]

5.1
1

2)

3)

4)

5)

5-A
Th

manufacturer.

5-A

TH
Wi

.3 Fuel container securement test

or gas that would result in a hazardous condition, unless otherwise noted.
» Vibration test

.1 General

A fuel cell power system shall be subjected to a system vibration test innboth the verti
and longitudinal/lateral axes in accordance with 5.2.2 and 5.2.3. The fugl.cell power syste
shall not be operating for these tests. As a result of the tests, the fuel cell power syste
shall comply with 5.5 and 5.6.

If the fuel cell power system is intended for use in an industrial &ru¢ck with a known vibrati
profile, that profile can be used instead of the profile outlined‘in.5.2.2 and 5.2.3.

A self-contained fuel cell power system is to be tested oUtside of the truck in accordan
with 5.2.2 and 5.2.3. The fuel cell power system is to be\mounted using its own securemg
means, or a representative of the securement means;iand secured to the test fixture of t
vibration test apparatus in the same position which, it-0ccupies when in use.

long as they are mounted and supported as they can be in the complete syste
Components normally mounted near, the test subject shall be included or simulated if the
is any chance of interference or contact between the parts.

p.2 Vertical axis test

e acceleration data for the-Vvertical axis test shall be defined in collaboration with the tru

P.3 Longitudinaltand lateral axes tests

e acceleration‘data for the longitudinal and lateral axis test shall be defined in collaborati
h the truck‘'manufacturer.

Means shall be provided to secure fuel containers from becoming dislodged while in use

An integrated fuel cell power system is not required to be tested in accordance with 5.3.
and 5.2.3.
With reference to 3), individual components-or sub-systems can be tested by themselves

al

on
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stored on the fuel cell power system | ateral movement shall not exceed an amount th

results in a hazardous condition. Any integral compressed gas fuel container shall include
a connection fixture that will not allow the flow of gas until a positive gas seal has been

achieved. The fuel connection device connecting the fuel supply and the system shall
suitable for its application.

be

2) A lateral force equal to the full weight of the fuel container or cylinder shall be applied in
any direction at the centre of the vertical height of the fuel container or cylinder. The fuel

container (i.e. fuel cylinder) or any portion thereof, shall not become dislodged from
retention means.

its
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1) A fuel cell power system employing nonmetallic flammable fuel handling parts and/or

2)
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Endurance test

flammable fuel pumps with dynamic seals shall be subjected to appropriate endurance
testing in accordance with 2). The fuel cell power system shall comply with 5.7, before and
after the test. There shall be no damage to the fuel cell power system that would result in a
hazard. The fuel cell power system shall be operational.

The fuel cell power system shall be connected to a source of fuel and operated at a minimum
of 50 % of the rated power output. This shall be done continuously for 720 h under normal
operating pressures and temperatures.

Al

5.
5.
Th

5.
1)

2)

2)

5.4
1)

2)
3)

4)

.5

.6

h

D

h

D

b

b

NG

piping shall be leak tested in accordance with ISO 15649.

1 Releases

.2 Setup and operation

.3 Exhaust dilution

4 Dilution boundaries

External leakage test

Dilution test

e leak rate for each potential release point in the fuel cell power system including any purge
outlets shall be determined. See 4.10 and IEC 60079-10-1.

The testing shall be carried out in a draft free area, with(the system located at least 3,05|m
from room vents or forced ventilation.

If the fuel cell power system uses mechanical ventilation, it shall be operated at the minimum
flow rate that satisfies all interlocks. See 4.10.

Hydrogen or equivalent gas shall be released at the determined leak rate and at the locatipn
of the largest potential release point inkthe fuel cell power system.

The diluted concentrations of flammable vapours exiting the fuel cell power system shall ot
exceed the limits of 4.10 2).

Hydrogen or equivalent\gas shall be released at the determined leak rate at each potentjal
release point in the fuel/cell power system.

The size and shape of each dilution zone shall be measured using a calibrated hydrogen|or
equivalent gas_detector.

The analysis 0f'4.10 3) shall be confirmed or updated with the measured sizes and shapes
of the dilution zones.

The requirements of 4.10 4) and 6) shall be confirmed with the measured sizes and shapgs
of the.dilution zones.

TE VIn some cases it can be sufficient to place the hydrogen or equivalent gas detector at the locations of the

nearest ignition source or unclassified equipment above and in the ventilation flow path, i.e. "downwind", of the
release.

5.7
1) A fuel cell module shall comply with the allowable working pressure test requirements of

Ultimate strength test

IEC 62282-2-100.

2) The oxidant and fuel sides of the cell stack can be interconnected and tested simultaneously

at the same pressure.
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5.8 Potential failure modes test

1) Avreview of the manufacturer’s hazard analysis in accordance with 4.16 is done to determine
the scope of this test procedure, including whether or not the system is to be operating
during the test. Compliance with 5.8 can also be determined through supporting evidence
provided by the manufacturer.

2) Ceritical failure modes, as identified in 4.16, are to be simulated to determine if the safety
system is functional.

3) Compliance with 5.8 shall be determined by performance of the correct actions by the safety
system in accordance with the manufacturer’s risk assessment and risk reduction of 4.16.

5.1) Temperature test

1)| A fuel cell system shall not attain a temperature at any point so as to result in a risk of fife,
to damage any material used or to exceed the maximum temperatures specified in Tablg 3
when the unit operates at maximum rated output power in an ambient temperature ps
specified in 3).

2)| A thermal or overload protective device shall not operate during this test:
3)| All temperature rise values in Table 3 are based on an assumed ambient temperature |of
25 °C. Tests can be conducted at any ambient temperature within- the range of 10 °C|to
40 °C when measured values are corrected by addition (if the a@mbient temperature is lower

than 25 °C) or subtraction (if the ambient temperature is higherithan 25 °C) of the difference
between 25 °C and the ambient temperature.

4)| Testing shall be continued until steady state temperatures are attained. Steady stgte
temperatures are achieved when three successive readings taken at intervals of not lefss
than 5 min indicate an increase in temperature less than 0,5 °C.

5)[ Temperatures shall be measured by means)of thermocouples. Temperatures on coil
windings can be measured by either thermocouples or change of resistance method.

6)| Thermocouples shall consist of wires not larger than 0,21 mm?2 and not smaller thpn
0,05 mm2. The thermocouple wire shall conform to the requirements specified in the
tolerances on initial values of EMF versus temperature tables in IEC 60584-1.

7)| When using the resistance methed, the windings shall be at room temperature at the start
of the test, and the temperature rise of a winding is to be calculated using the followipg
formula:

dt=R (k) - (k+1p)

r

where

At is thestemperature rise, expressed in °C;

R is_ the resistance of the coil, expressed in Q at the end of the test;

r is the resistance of the coil, expressed in Q at the beginning of the test;

Iy is the initial room temperature, expressed in °C at the time resistance;

"r" is being measured (which is also the initial coil temperature);
ty is the room temperature, expressed in °C at the end of the test; and

k is 234,5 for copper and 225,0 for electrical conductor grade (EC) aluminium; values of
the constant for other conductors are to be determined.
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Table 3 — Temperature rise limits

Temperature
Material and components rise
limits °C
Motors:
Class 105 (A) insulation systems
Thermocouple method 65
Resistance method 7S
Class 130 (B) insulation systems
Thermocouple method 85
Resistance method 95
Class 155 (F) insulation systems
Thermocouple method 110
Resistance method 120
Class 180 (H) insulation systems
Thermocouple method 125
Resistance method 135
Coils other than motors:
Class 105 (A) insulation systems
Thermocouple method 65
Resistance method 75
Class 130 (B) insulation systems
Thermocouple method 85
Resistance method 95
Class 155 (F) insulation systems
Thermocouple method 110
Resistance method 120
Class 180 (H)-insulation systems
Thermacouple method 125
Resistance method 135
Conductors:
Rubber or thermoplastic insulated wires and cords (unless rated for higher 35
temperatures)
Surface temperatures of components (unless rated for higher temperatures):
Electrolvtic capacitors @ -
Other capacitors 2 -
Fuses 65



https://iecnorm.com/api/?name=b9405d7d1d86dbad9552f32fbecc996f

IEC 62282-4-101:2022 © |EC 2022 - 35—

2)

3)

5.

Temperature
Material and components rise
limits °C
Electrical insulation (where deterioration would result in a safety hazard):
Fibre 65
Laminated phenolic 100
Moulded phenolic 125
Non-metallic enclosure, structural and functional materials 2 -
Safety critical gaskets and seals @ =
Supporting and adjacent surfaces 65
A surface subject to continuous contact while the fuel cell power system is in use
such as a momentary contact switch, etc.:
Metallic 50
Non-metallic 60
A surface subject to deliberate contact while the fuel cell power system-is|in use, but
not subject to continuous contact such as a switch:
Metallic 60
Non-metallic 85
A surface subject to casual contact:
Metallic 65
Non-metallic 83

a8 Temperature limits are dependent onthe temperature rating of the material.

.10 Continuity test
Portions of the fuel celkpewer system intended to be bonded to the truck for electrostaft

discharge protection shall be subjected to a bonding test.

Conductive parts.required to be bonded to avoid electrostatic discharge shall have t
impedance measured with a suitable ohmmeter between all points of connection of t

metallic parts\to determine that the resistance does not exceed 1 Q.

Nonmetatlie* fluid lines shall have a maximum resistivity of 1 MQ when evaluated

c

he
he

in

accordance with the conductivity test in IEC 60079-0 (the test will identify the requirpd

protection level and has standard references for the protection level).

1 {_Non-metallic tubing test for accumulation of static electricity

5.11.1 Passing criteria

No sparks shall be observed when a grounded metal sphere is brought into gradual contact with
the non-metallic tubing after it has been electrostatically charged.

5.11.2 Test method

Three samples of the tubing with ground point electrodes (i.e. metal fittings) shall be conditioned
for at least 48 h at a relative humidity of (25 + 10) %.
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Immediately after removal from the low-humidity chamber, the samples are to be supported by
means of insulators in a room having a relative humidity not more than 35 % and having all
sources of light, other than electrical sparks, eliminated. The ground point electrodes are to be
grounded. An electrostatic charge is to be sprayed on nonconductive parts of the product using

an

electrostatic generator limited to 5 000 V.

A 9,5 mm diameter grounded metal sphere is to be brought into gradual contact with the sample.
If no sparks appear, the sample passes the test.

5.12_Dielectric voltage — Withstand test

1)

2)

1)

NQ
am
prg

2)

.13 Limited power circuit test

Each circuit (greater than 30 V RSM or 42,4 V peak or 60 V DC) of the fuel cell pew
system shall withstand, without breakdown, the application of an essentially sinusoic

er
al

potential at 50 Hz or 60 Hz of 1 000 V plus twice the rated voltage of the circuit ifyit is ratpd

more than 72 V, or 500 V otherwise. Semiconductors or similar electronic components liak
to be damaged by application of the test voltage can be bypassed or disconnected.

DC potential equal to 1,414 times the value for the AC potential can be applied instead.

The test voltages shall be applied for a minimum of 1 min.

A limited power source shall comply with one of the following:
a) the output is inherently limited in compliance with Table 4;

b) an impedance limited output in compliance with Table 4. If a positive temperaty
coefficient device is used, it shall comply  with IEC 60730-1:201
IEC 60730-1:2013/AMD1:2015 and IEC 60730-1:2013/AMD2:2020, Clause 1
Clause 17 and Annex J;

c) a non-arcing over-current protective device is used and the output is limited |i

compliance with Table 5;

d) a regulating network limits the output in compliance with Table 4 both under norn
operating conditions and after any single fault conditions in the regulating network (op
circuit or short circuit); or

e) aregulating network limitsthe output in compliance with Table 4 under normal operati
conditions and a non-arcing over-current protective device limits the output
compliance with Tablg 5 after any single-fault condition in the regulating network (op
circuit or short circuit). If the overcurrent protection means is a discreet arcing devig
further evaluation with respect to its isolation from potentially flammable gas should
made.

TE The reason for making measurements with overcurrent protection means bypassed is to determine
ount of energy‘\that is available to cause possible overheating during the operating time of the overcurr
tection means.

The load referenced in footnotes b) and c) of Table 4 and Table 5 shall be adjusted
deyelop maximum current and power transfer, respectively. Single faults in a regulati
network are applied under these maximum current and power conditions.
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Table 4 — Limits for inherently limited power sources

Output voltage direct current 2 Output current ® Apparent power €
Voc Isc s
\Y A VA
<20 <8,0 S5ExV .
20 <¥v,, =30 <8,0 <100
30<V <60 =150/ ¥V <100

bl 1

sc’
application of load.

@ 7, Output voltage measured with all load circuits disconnected. Voltages are for ripple-free, direct current.

: Maximum output current with any non-capacitive load, including short circuit, measured~60"“s aft¢

¢l S (VA): Maximum output VA with any non-capacitive load measured 60 s after application of load.

(overcurrent protection required)

Table 5 — Limits for power sources not inherently limited

Output voltage 2 Output current ® Apparent power °© Current rating of
overcurrent protection ¢
VOC ISC s
\Y A VA A
<20 <50
20 <V, <30 <1000V, < 250 <100/7,,
30 <7, <60 <100/7,,

V..: Output voltage measured with all load cireuits disconnected. Voltages are for ripple free, direct current,

I, Maximum output current with any nen-capacitive load, including short circuit, measured 60 s aft
application of load. Current limiting impedances in the equipment remain in the circuit during measuremen

but overcurrent protection means are bypassed.

S (VA): Maximum output VA with.any non-capacitive load measured 60 s after application of load. Curre
limiting impedances in the equipment remain in the circuit during measurement, but overcurrent protectig
means are bypassed.

The current ratings of the overcurrent protection means are based on fuses and circuit-breakers that break th
circuit within 120 s-with a current equal to 210 % of the current rating specified in the table.

14
=

ht

=}

[¢)

5.14 Rated power output test

1)] One_sample of the fuel cell power system shall be subjected to a rated power output che|
in accordance with 3) and 4).

2)| Theé duration of the rated power output check shall be determined by the manufacturer.

NOTE The maximum current is expected to continue for 3 h (or more) to define continuous load.

3) With the output of the fuel cell power system connected to a variable load, the rated power

4) The rated power output of the system shall not exceed the marked rated output value (see

output of the system is to be measured. The load shall be capable of being varied from zero

to short circuit during the test.

Clause 7 2)c)), by more than £10 %.

5.15 Abnormal operation test — Electric equipment failures

1) The fuel cell power system shall be subjected to the electrical component faults noted in 2)

to 4). The introduced faults of the electrical components shall not result in a shock or fire

hazard from the fuel cell power system.


https://iecnorm.com/api/?name=b9405d7d1d86dbad9552f32fbecc996f

- 38 - IEC 62282-4-101:2022 © |IEC 20

22

2) The fault conditions are to be maintained for 7 h or until ultimate results occur. Ultimate

3)

4)

2)

3)

5.

results include thermal stabilization of the system or the opening of a fuse or other protecti
device.

The following fault conditions, as applicable to the system, are to be conducted:
a) the fuel cell power system output short-circuited;

ve

b) the rotor of each blower or fan motor locked, one at a time, if the system relies upon

forced ventilation;

c) the polarity of batteries reversed, if the batteries employed in the system are user

renlaceable or the batterv connector is not polarized:
™ J ™ T

d) the fuel cell power system operating at maximum available power as determined by rat
power output in 5.14, unless a fuse opens;

e) the system operating at 135 % of the ampere rating of the protective fuse, with the fu
bypassed, if a fuse operates during condition d); and

f) the absence of liquid supplied for liquid pumps that require a liquid for.¢eoling purposq

If a protective device opens during conditions 3)a) to 3)d) and 3)f), the test shall be

a) terminated, if a non-resettable, non-automatic protector functions,

b) continued for 7 h if an automatic-reset protector functions, or

c) continued for 10 cycles at a rate not faster than 10 operdtions/min if a manual res
device operates.

6 Emission of effluents test (only for methanol fuel cells)

A methanol fuel cell power system capable of préducing emissions of any materials giv
in Table 6 shall not exceed the emission limit in\Jable 6.

The methanol fuel cell power system shall be. operated at rated power in an open room
outdoors. During the operation, a sufficient effluent sample shall be secured to allow
determination of compliance with Table 6!

The effluent sample shall be secured at a point of exhaust discharge of the methanol fi
cell power system. The results of the analyses shall be compared to the limits in Table 6
the measured rate is less than the limit, the direct methanol fuel cell power system pass
the test.

Table 6 — Emission rate limits

Emission rate limit

Methanol 1,8 g/h
(610 0,20 g/h
(ef0) No limit

2
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7. ,Environmental test

5.17.1 Rain test

Enclosures shall be compliant with IPX4 in accordance with IEC 60529. Compliance with IPX4
is demonstrated by testing required by IEC 60529. The external enclosure of the fuel cell power
system shall comply with the appropriate testing requirements in accordance with IEC 60529,
based the requirements of 4.13 2) and the IP rating of the product marked on the nameplate.
See Clause 7 2)j).

IPX2 is acceptable for units designed and labelled for indoor operation only.
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5.17.2 Test of equipment — Exposure to wind

1)

2)
3)

A fuel cell power system fueled by methanol shall not create a hazardous or unsafe condition
when exposed to winds having nominal velocities up to and including 16 km/h. Compliance
with harmful effect is demonstrated by testing according to 2) to 4).

The fuel cell power system shall not be adversely affected by wind.

The fuel cell power system shall operate without damage or malfunctioning of any part and
without creating a hazardous condition when exposed to winds having nominal velocities of
50 km/h or the manufacturer’s rated maximum wind speed marked on the product, whichever
is higher.

4)

TH
th
ca

hazards.

5.18.2.1 Impact test

A
bel
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5.

A
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of

.18.2 Test for thermoplastic enclosures

.18.2:3) Mould stress test

A wind produced by a fan or blower having a velocity of 50 km/h or the manufacturer’s.rated
maximum wind speed marked on the product, whichever is higher, is to be directed-against
an outer surface of the fuel cell power system at directions considered worse case.“The fan
or blower is to be located so that a uniform wind, covering the entire projectediaréa of the
outer surface of the system, is directed horizontally toward the fuel cell power'system at the
specified velocity measured in a vertical plane 457,2 mm from the windward.'surface of the
fuel cell power system.

8 Enclosure tests
8.1 Enclosure loading test

e self-contained fuel cell power system’s external enclosure housing shall be constructed o
t a loading force of 1 110 N, applied for 1 min on the top{of-the external enclosure, does not
se damage to the fuel cell, shorting of electrical spacings within the fuel cell, or other

hermoplastic external enclosure shall comply with IEC 60695-10-2. The enclosure shall also
subjected to an impact of 136 J. The impact test is to be conducted by dropping a stgel
here, 101,6 mm in diameter and weighing 4,5 kg, from a height of 3,0 m.

8.2.2 Cold impact test

fuel cell power system intended for cold temperature use marked for use at or below —20 [C
accordance with Clause 7 2)f) that utilizes a thermoplastic external enclosure shall comply
h the cold impact.test, minus 30 °C conditioning or 10 °C below the marked rated temperatyre,
ichever is lower,.in accordance with IEC 60695-1-30 and IEC 60695 (all parts), except that
b enclosure shall be subjected to an impact of 136 J during the test. The test shall pe
nducted by dropping a steel sphere, 101,6 mm in diameter and weighing 4,5 kg, from a height
3,0 m.

A-thermoplastic-external-enclosureof afuelcell powersystem-shallbe-suitablefortheranyge
of temperatures that it is subjected to during use.
A thermoplastic enclosure shall be subjected to the test in accordance with IEC 60695-10-2.

As a result of the mould stress test, there shall be no warping, melting or other deformation
of the external enclosure that would expose hazardous parts, or affect ventilation or other
systems that could affect safe operation of the fuel cell power system.

5.18.2.4 20 mm moulded part needle flame test for thermoplastic materials

1)

2)

As an alternative to classifying thermoplastic external enclosure materials as V-0 or V-1, a
20 mm flame test of the moulded part(s) as outlined in 5.19 2) to 4) can be conducted.

The test shall be conducted by employing the apparatus and test flame described in
IEC 60695-11-4.
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3) Two 30 s applications of the tip of the 20 mm flame shall be made to each section of the
enclosure selected as indicated above, with 1 min intervals between applications. A supply

4)

of technical grade methane gas shall be used with a regulator and meter for uniform g
flow.

as

The enclosures shall not flame for more than 1 min after two 30 s applications of a test flame
with an interval of 1 min between applications of the flame. The results are not acceptable

if the sample is completely consumed.

5.19 Marking plate adhesion test

1)

To determine if a marking plate secured by adhesion complies with Clause 7_representative
T~ P4 ™ Y ™

2)

3)

4)

o)

5.]
5-A

El
5.]

5.]

El
en

5.1
1)

samples shall be subject to 2) to 5). In each test, three samples of the marking plates.sh
be applied to the same test surfaces as employed in the intended application.

Immediately following each of the tests in 3) to 5) and after exposure to room temperaty
for 24 h, each sample shall

a) demonstrate good adhesion and the edges shall not be curled,

b) resist defacement or removal as demonstrated by scraping across the’test panel with
flat metal blade 1,76 mm thick, held at a right angle to the test panel, and

c) have legible printing that is not defected by rubbing with thumb or finger pressu
Printing should resist removal from general cleaning chemijcals‘or by rubbing with thur
or finger pressure.

For air-oven ageing, three samples of the marking plates,shall be placed in an air-circulati
oven maintained at a temperature of 85 °C for 240 h.

For immersion testing, three samples of the marking_plates shall be placed in a controll
atmosphere maintained at (23 £ 2) °C with a (600 £ 5) % relative humidity for 24 h. T
samples shall then be immersed in water at ademperature of (23 £ 2) °C for 48 h.

For standard atmosphere testing, three samples of the marking plates shall be placed in
controlled atmosphere, maintained at (23 2) °C with (50 £ 5) % relative humidity for 72

P0 Test for elastomeric seals, gaskets and tubing
0.1 General

hstomeric seals, gaskets and tubing relied upon for safety shall be subjected to the test
P0.2 and in 5.20.3, as applicable.

P0.2 Accelerated air-oven ageing test

bstomeric seals; 'gaskets and tubing relied upon for safety shall be suitable for temperatur
countered and ‘shall comply with the test in accordance with ISO 16010.

0.3 Cold temperature exposure test
Elastomeric seals, gaskets and tubing relied upon for safety and intended for extreme cq

all

ed
he

n

Id
at

temperature use systems rated at or below —20 °C shall not become brittle to the extent th

2)

thaov will naot funection as inteanded - as a3 rasult of 2)
HRSYWHHROHHHHRGHORaSHHBRE8G3aS—aFoSthit—o+—=-

Parts described in 5.20.1 shall be subjected to the test in accordance with ISO 16010.

5.20.4 Immersion test

Elastomeric seals, gaskets and tubing relied upon for safety shall be suitable for exposure to
fluids such as methanol encountered in use and shall comply with the volume change test in
Liquid B in accordance with ISO 16010 except that the test liquid shall be representative of the
liquid the material will be exposed to (i.e. 100 % methanol or a methanol blend) and the volume

ch

ange allowed shall be (25 £1) % of the as-received value.
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5.21 Test for permeation of non-metallic tubing and piping

1) Non-metallic tubing and piping containing flammable gas shall be sufficiently nonpermeable
to those gases.

2) Non-metallic tubing and piping shall be subjected for permeability to hydrogen in
accordance with 1ISO 4080.

5.22 Test for electrical output leads

1) The electrical output power leads of a fuel cell power system intended for exposure to
extreme temperatures above 50 °C and at or below —20 °C shall be constructed so that they
can withstand the test In Z) based upon the extreme temperatures as marked in accordance
with Clause 7 2)f). These tests do not apply to low-voltage circuits.

2)| Parts described in 1) shall be subjected to the test in accordance with ISO 16010,<4at 10 K
higher than the marked temperature rating, but no less than 70 °C for 168-h. Affer
conditioning, the leads shall be examined for signs of deterioration such as‘cracking apd
melting.

Leads with insulation marked with a temperature rating meeting the high temperature marked
on| the system in accordance with Clause 7 2)f) are not required to be subjected to this test.

5.23 Emergency stop

—

1)|] The effectiveness of each emergency stop actuator and deviee shall be confirmed by teg

2)| The fuel cell power system shall be energized sufficiently to perform the test. Circuits and
components can be energized using batteries or external sources rather than operating the
fuel cell using a flammable gas as long as all emergency stop functions can be confirmeg.

3)| Each emergency stop actuator and device is te,be activated individually.

4)| The stopping and removal of power to each individual fuel cell power system actuafor
controlled by the emergency stop is to be*Cenfirmed for each emergency stop actuator apd
device. Fuel cell power system actuator§’can include motors, valves, pumps, blowers, fans,
and the like.

6 | Routine tests

6. External leakage

1)] An external leakage ‘on the flammable fluid containing portions of the system shall pe
subjected to an external leak test on 100 % of the production.

2)| While under normal operating pressures, the gas containing portions of the system shall not
leak after operation for 1 min. Visible signs of soap bubbles, pressure decay or similar
occurrences).as applicable to the method of test, shall indicate leaks in the system.

3)| The fuekéell power system shall be operated, or the parts under test pressurized at normal
operating pressure. Areas for potential leaks such as at fittings are to be tested for leaks
using*a soap and water leak detection solution or equivalent means.

6.2—Pbieleetrie-voltage-withstand-test

The test in 5.12 shall be conducted on 100 % of the production except that the time can be
lowered to 1 s if the test potential is increased by 120 % of the rated voltage (1 000 + 2,4 x

Vrated )

This production line test is not required to be conducted on low-voltage circuits.

7 Markings

1) The nameplate markings specified in 2) shall be permanently secured to the fuel cell power
system. If an adhesive is used to secure the marking plate on the fuel cell, then the adhesive
shall comply with the test of 5.19.
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The fuel cell power system marking plate shall include the following:

a) the manufacturer’'s name, trademark or other descriptive marking by which the
organization responsible for the product can be identified;

b) a catalogue number or the equivalent;

c) output electrical rating in nominal system volts, maximum continuous amperes and the
rated power output;

d) type of fuel utilized, including service pressure and maximum operating pressure;
e) where the fuel tank is fixed and not easily viewed, the label shall include the total fuel

container water volume, In litres, along with the re-test date(s) or expiration date,
f)  minimum and maximum ambient operating temperatures;
g) minimum and maximum storage temperatures, if different from f);
h) weight of the fuel cell power system, for self-contained systems only;
i) centre of gravity of the fuel cell power system, for self-contained systems“only; and

j) an IP rating shall be provided on a fuel cell power system that complies with 4.13 1), ),
and 3), and 5.18.1;

All other required markings in a) to h) shall be permanent in accordance wjth
IEC 60950-1:2005, 1.7.11:

a) a fuel cell power system intended for field installatien“shall also include a marking
indicating that the system is intended for field installatien by qualified personnel only

b) systems provided with replaceable fuses shall be<xmarked with the current and voltape
rating of the fuse near the fuse holder;

c) the polarity of the output leads shall be marked on the leads unless they are terminated
in a polarized connector;

d) the fuel cell power system shall be marked to indicate that it has to be properly connected
to the truck equipotential bonding system;

e) with reference to 4.6 4), where a:manual valve is used for flammable gas supplied to the
fuel cell power system, the valve shall be indicated with a marking of the words

"MANUAL SHUTOFF";

f) nameplate and documentation of tanks shall include the effective end of service date|of
the pressure vessels:based upon the worse case analysis;

g) markings shall be in the language(s) of the country in which the truck is to be used,
accordance with~national law (ISO 3691-1). A pictogram is also sufficient; and

h) the use of;symbols should also be in accordance with ISO 7010 and/or ISO 3864-1.

n

Instructions

General

The fuel cell power system shall be provided with an instruction manual in the national

language of the operation country.

The instruction manual shall include maintenance, operating and installation instructions in
accordance with 8.2 to 8.4.

The instruction manual shall include a sufficient electrical and fuel line documentation to
install, operate, and maintain the fuel cell power system. This documentation shall include
all information necessary to connect the fuel cell power system to the truck, refuel the fuel
cell power system, and replace any regular maintenance items.

The operating and storage instructions shall describe the possible hazards resulting from
the use of fuels and any precautions to be taken when handling the materials.

Information giving requirements for installation, maintenance, charging and handling shall
be included in the fuel cell and/or truck installation manual.

The manual shall include information about recycling and handling of a damaged fuel cell.
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8.2 Maintenance instructions

Th

e maintenance instructions shall include the following, as applicable:

1) For a fuel cell power system provided with replaceable batteries, instructions for battery

2)

3)

replacement including the type and rating of the batteries.

For a fuel cell power system with replaceable fuses, instructions for replacement of fuses

including the type, voltage and current rating of the fuses.

Instructions regarding the need to keep all ventilation and exhaust openings from becoming

blocked so that air is not obstructed and that any required clearances to maintain suita

le

4)

5)
6)

7)

Th

1)
2)

3)
"W
4)
"W
5)

NQ
1)

2
3

-~ —~

.3 Operating instructions

ventilation and exhaust shall be maintained when installed in the truck.

Instructions for basic inspection and maintenance such as filter cleaning, replacement
parts, and lubrication of parts. See also 4.14.2 6).

The source for replacement parts.

An explanation of the necessity for, and the minimum frequency of, periodic’examinatio
and inspections by qualified personnel. For example, the checking of\any safety critic
components requiring calibration such as gas detectors and pressure _switches.

The fuel cell display shall show if maintenance is necessary or,the fuel cell manufactu
shall specify when maintenance is necessary and indicate it.

e operating instructions shall include the following, as appficable:

Instructions for starting up and shutting down theduel cell power system.

Complete instructions for the proper refuelling ‘of the fuel cell power system including
warning not to drive or move the truck with the refueling hose or interface cable connecte

For a fuel cell power system with no IP rating for ingress of water, the statement
ARNING: not rated for use in high humidity up to 95 %, wet, or rainy conditions."

For a fuel cell power system not designed for temperature extremes, the statement,
ARNING: not rated for use below* __ degrees. Not rated for use above ___ degrees."

Information regarding provisions for adequate process and ventilation air. This shall inclu
the following statement This fuel cell power system uses oxygen from the area in which
is being used. It shodld'not be used in a confined space or unusually tight constructig
unless provisions are provided for adequate process and ventilation air." An example
determining the volume of a typical area should also be included.

TE Unusually tight/construction is considered as construction where

walls and ceiling exposed to the outside atmosphere have a continuous water vapour retarder with a rating
6 x 107" kg/(m?2 x Pa x s) (1 perm) or less with openings gasketed or sealed:;

weatherstripping has been added on windows and doors that are able to be opened; and

caulking or sealants are applied to areas such as joints around window and door frames, between sole pla
andfloors, between wall-ceiling joints, between wall panels, at penetrations for plumbing, electrical and gas lin
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Installation instructions

Instructions shall be provided for the proper installation of the fuel cell power system
including, but not limited to, spacings requirements, location of ventilation and exhaust
openings, securement, electrical connections and fuel connections. Where a hazard can be
present through system orientation or positioning, instructions shall be provided and the
system so labelled.

2) The installation instructions shall have instructions regarding the proper equipotential

3)

bonding of the fuel cell power system to the truck chassis, see 4.11 5).
If storage tanks are provided, instructions for the proper installation of the storage system

4)

including instructions for the connections of the fuel lines to the fuel cell power system shill
be included.
The installation instructions for a field installed fuel cell power system shall.include| a
statement indicating that the system is intended for field installation by qualified personnel
only.
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Comparison of pressure terms is given in Table A.1 as information.

Comparison of pressure terms

— 45—

Annex A
(informative)

Table A.1 — Comparison table of pressure terms

U

IAWP)

Standards/codes
Pressure terminology ISO 19881 NFPA 52 ASME B & PV | SAE J2600 UL2267
2018 2019 2015 2020
( ) ( ) Code Sec. VI ( ) ( )
Slervice pressure (SP) - Same as NWP - - 225M,\5|’,i§r
Nominal working
pressure (NWP) or just chv;a(r;es?:s - - Same as SP -
working pressure (WP)
1,25 x SP,
. ) 1,25 x NWP,
N’aX|mum operating _ 1,25 x SP, _ 31,25 MPa d
pfessure (MOP) same as MFP same as MFP
43,75 MPa
Maximum fill pressure 1,25 x WP, 1,25 x NWP,
(MFP) same as MOP - - same as MOP -
Design pressure - - DP - -
Maximum allowable 1,38 x SP,
working pressure - 1,38 x SP MAWP 1,38 x NWP 34,5 MPa o

48,3 MPa
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Annex B
(informative)

Significant hazards, hazardous situations and
events dealt with in this document

Requirement ;e;e,"::; Fulfilled by
1. _ Principles of safety integration Yes Application IEC Guide 116
2.| Requirements regarding design and construction
2.1 Protection against electric shock and other electrical
hazards
e leakage current (e.g. due to insulation fault) Yes 4.14.13
e energy supply Yes 4.14.7
e stored charges Yes 4.14.10
e switching arc and arc fault Yes 4.11,4.14.2,4.14.3
e electric shock Yes 5.10, 5.12, 6.2
e burns Yes 4.4
2.2 Protection against fire hazards
e external ignition Yes 5.15
e internal ignition Yes 5.15
2.3 Protection against mechanical hazards
e instability Yes 5.4
e break-down during operation Yes 5.4
o falling or ejected objects Yes 4.16
e rough surfaces, sharp edges or corners Yes 4.13,4.16
e moving p_arts, especially where there may be variations in Yes 4145, 4.16
the rotational speed of parts
e vibration Yes 5.2
e (improper fitting of parts Yes 4
2.4_Protection against other hazards
. explosion caused by the equ_ipment itself or by subs_tances Yes 58
which may be produced, emitted or used by the equipment
e implosion Yes 5.7
e acoustic noise No
. excessivg temperature‘of materials ejected or accessible Yes 59
non-working surfaces likely to be touched
e adverse biological and/or chemical phenomena Yes 4.12
e hygiene conditions Yes 4.12
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. Relevant .
Requirement yes / no? Fulfilled by
e emissions, pr_odl_Jct|on and/or_use of hazardous substances Yes 412,516
(e.g. gases, liquids, dusts, mists, vapour)
e ageing of materials Yes 5.4
e unattended operation No
e connection to and interruption from power supply Yes 4.14.12
e combination of equipment Yes 4.14.14
2.3 Protection against hazards arising from incorrect
functioning
e expected environmental conditions, including electric,
magnetic and electromagnetic disturbances considered as Yes 5.8
relevant in the product or generic EMC standard
e logic errors in hardware or software Yes 4.16
e interruptions or normally expected fluctuations in the power Yes 41412
supply
e unexpected starting or stopping operation Yes 4.15
o failure to stop or to start Yes 4.15
2.6 Protection against hazards arising from electric, magnetic,
and electromagnetic fields, other ionizing and non-ioniZing Yes 4.11,4.14 1
radiation
2.7 Ergonomics No
3.| Information requirements
e Information provided with the equipment shall include
instructions for safe installation, maipfenance, cleaning, Yes 8.2,8.3
operation and storage.
e Where risks remain despite alkthe measures adopted or in
the case of potential risks, which are not evident, Yes 8.3
appropriate warnings shall\be provided.
e The essential characteristics, the recognition and
observance of whigh will ensure that equipment will be used
safely and in applications for which it was intended and for Yes 7
which it can reasonably be foreseen, shall be marked legibly
and indelibly.oh the equipment or, if this is not possible, in
the accampanying instruction for use.
e Information provided either by marking or in the instructions
fonuse, which is essential for the safe use of the equipment, Yes 7,8

shall be easily understandable by the intended user.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

TECHNOLOGIES DES PILES A COMBUSTIBLE -

Partie 4-101: Systémes a pile a combustible pour chariots de manutention

1

2)

3)

4)

5)

6)
7)

8)

9)

électriques — Sécurité

AVANT-PROPOS

La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation/composg
de I’ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC(a\ pour objet
favoriser la coopération internationale pour toutes les questions de normalisation dans'les domaines
I’électricité et de I'électronique. A cet effet, '|[EC — entre autres activités — publie des Norfmes international
des Spécifications techniques, des Rapports techniques, des Spécifications accessibles‘au public (PAS) et g
Guides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élaboration est confiée a des comités d’études, 4
travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisatid
internationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, participent également 4
travaux. L'IEC collabore étroitement avec I'Organisation Internationale de~Normalisation (ISO), selon g
conditions fixées par accord entre les deux organisations.

Les décisions ou accords officiels de I'|EC concernant les questions technigues représentent, dans la mesure
possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de I'lEC intéresg
sont représentés dans chaque comité d’études.

Les Publications de 'lEC se présentent sous la forme de recommandations internationales et sont agrég
comme telles par les Comités nationaux de I'lEC. Tous lesgfforts raisonnables sont entrepris afin que I'l
s’assure de I'exactitude du contenu technique de ses Publications; I'lEC ne peut pas étre tenue responsable
I’éventuelle mauvaise utilisation ou interprétation qui en gst'faite par un quelconque utilisateur final.

Dans le but d’encourager 'uniformité internationale, les, Comités nationaux de I'lEC s’engagent, dans toutg
mesure possible, a appliquer de fagon transparenteides Publications de 'lEC dans leurs publications nationa
et régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationales
régionales correspondantes doivent étre indiquées’en termes clairs dans ces dernieres.

L'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépenda
fournissent des services d’évaluation de’conformité et, dans certains secteurs, accédent aux marques
conformité de I'lEC. L’IEC n’est responsable d’aucun des services effectués par les organismes de certificat
indépendants.

Tous les utilisateurs doivent s’assurer qu’ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité ne doit'étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatair
y compris ses experts particuliers et les membres de ses comités d’études et des Comités nationaux de I'lH
pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de queld
nature que ce soit, direete ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépeng
découlant de la publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de I'lH
ou au crédit qui lUi est accordé.

L’attention est.attirée sur les références normatives citées dans cette publication. L’utilisation de publicatig
référencées est obligatoire pour une application correcte de la présente publication.

L’attention.est attirée sur le fait que certains des éléments de la présente publication de I'|EC peuvent faire I'of
de droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits
brevets.
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La Norme internationale IEC 62282-4-T0T a ete etablie par le comiie d etudes 105 de I'TEC:
Technologies des piles a combustible.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2014. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) révision du titre du présent document;

b) révision des normes de référence;
c) ajout de nouveaux paragraphes (4.3, 4.14.5, 4.15.3, 4.15.4, 4.16, 5.6 et 5.23);
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renumérotation du paragraphe 4.15 de la version précédente en "4.16 Appréciation du
risque et réduction du risque”;

révision de 4.6 3) concernant I’accés au robinet d’arrét manuel;

révision des exigences relatives aux bornes filetées de la batterie (4.14.10.1);

révision des exigences relatives aux condensateurs a double couche (4.14.10.2);
révision de I'essai de fuites externes (5.5) et de I’essai de résistance a la rupture (5.7);

révision des limites de température des condensateurs dépendant des caractéristiques
assignées de tenue en température du matériau (Tableau 3);

Le
ab

La
Ce
Di
wy

Un
de

Le

révision des marquages non pertinents (Article 7);

ajout d’'une nouvelle annexe informative (Annexe B) "Phénomeénes dangereux significatifs,
situations et événements dangereux traités dans le présent document”.

texte de cette Norme internationale est issu des documents suivants:
Projet Rapport de vote
105/912/FDIS 105/922/RVD

rapport de vote indiqué dans le tableau ci-dessus donne toute, information sur le vote aygnt
outi a son approbation.

langue employée pour I’élaboration de cette Norme internationale est I'anglais.

document a été rédigé selon les Directives ISOUEC, Partie 2, il a été développé selon les
rectives ISO/IEC, Partie 1 et les Directives~ISO/IEC, Supplément IEC, disponibles sous
vw.iec.ch/members_experts/refdocs. Les principaux types de documents développés par
FC sont décrits plus en détail sous www.igc.ch/standardsdev/publications.

e liste de toutes les parties de la sérigIEC 62282, publiées sous le titre général Technologies
s piles a combustible, se trouve sufle site web de I'l[EC.

comité a décidé que le contenu de ce document ne sera pas modifié avant la date de stabiljté

ingiquée sur le site web de lEC sous webstore.iec.ch dans les données relatives au documgnt

re

cherché. A cette date, le document sera

reconduit,
supprime,
remplacé-par une édition révisée, ou

amendé.
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INTRODUCTION

La série IEC 62282-4 traite d’aspects tels que la sécurité, les performances et
I'interchangeabilité des systémes a pile a combustible utilisés pour la propulsion, autres que
les véhicules routiers et groupes auxiliaires de puissance (GAP). Parmi les catégories
mentionnées ci-dessus, le présent document, I'IEC 62282-4-101, porte sur la sécurité des
chariots de manutention électriques comportant des systémes a pile a combustible, car de telles
applications sont instamment demandées dans le monde. Les futurs documents de la présente
partie de I'lEC 62282-4 traiteront d’autres applications relatives aux véhicules embarqués
autres que les véhicules routiers et les groupes auxiliaires de puissance (GAP).
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TECHNOLOGIES DES PILES A COMBUSTIBLE -

Partie 4-101: Systémes a pile a combustible pour chariots de manutention

1

électriques — Sécurité

Domaine d’application

Le
les

La

d

Le
g4

Le

Le

présent document traite des systémes a piles a combustible pour la propulsion, auttes que

véhicules routiers et groupes auxiliaires de puissance (GAP).

présente partie de I'lEC 62282 couvre les exigences de sécurité relatives aux’'systémes

pﬂe a combustible destinés a étre utilisés sur des chariots de manutention électriques, définies

ns I'ISO 5053-1, a I'exception des chariots suivants:

chariots tout-terrain;

chariots cavaliers élévateurs non gerbeurs;
chariots cavaliers élévateurs gerbeurs;
chariots tout-terrain a portée variable;
chariots tout-terrain rotatifs a portée variable;
chariots porte-conteneur a portée variable;
chariots a propulsion manuelle.

présent document s’applique aux systémes’a pile a combustible utilisant de I’hydrogé
zeux et a ceux utilisant du méthanol direét/pour les chariots de manutention électriques.

s combustibles suivants relevent dy,domaine d’application du présent document:

hydrogéne gazeux ;
méthanol.

présent document couvre le systéme a pile a combustible défini en 3.8 et a la Figure 1.

Le
d!

'intérieur et a<lextérieur.

Il lcouvreneégalement les systémes a pile a combustible dont le conteneur de source
combustible est fixé a demeure, soit au chariot de manutention, soit au systéme a pile
combustible.

présent document)s’applique aux systémes a pile a combustible de type a courant contin
ne tension de\sortie assignée d’au maximum 150 V en courant continu pour utilisation

u

de

Conformément a I'lEC Guide 116, les phénoménes dangereux significatifs, les situations et

év

énements dangereux traités dans le présent document sont représentés a I’Annexe B.

Les éléments suivants ne sont pas inclus dans le domaine d’application du présent document:

les conteneurs de source de combustible de type amovible;
les chariots hybrides qui comprennent un moteur a combustion interne;
les systémes a pile a combustible équipés de reformeurs;

les systémes a pile a combustible prévus pour étre utilisés dans des atmosphér
explosibles;

les systémes de stockage de combustible utilisant de 'hydrogéne liquide.

es
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TE Un systéme a pile a combustible peut comporter 'ensemble ‘ou certains des éléments ci-dessus.

Figure 1 — Systémes a pile 8 combustible/pour chariots de manutention

Références normatives

s documents suivants sont cités dans‘le texte de sorte qu’ils constituent, pour tout ou par

leur contenu, des exigences duprésent document. Pour les références datées, sed
dition citée s’applique. Pour les reférences non datées, la derniere édition du document
érence s’applique (y compris les éventuels amendements).

C 60050-485, Vocabulaire électrotechnique international (IEV) — Partie 485: Technolog
s piles a combustible

C 60079-0, Atmosphéres explosives — Partie 0: Matériel — Exigences générales

C 60079-10=1, Atmospheres explosives — Partie 10-1: Classification des emplacements
Imosphéres explosives gazeuses

C.60079-29-1, Atmosphéres explosives — Partie 29-1: Détecteurs de gaz — Exigenc

tie
le
e

d’aptitude = ta forrctior des detecteurs de gaz inftarmmabies

IEC 60079-29-4, Atmosphéeres explosives — Partie 29-4: Détecteurs de gaz — Exigences
d’aptitude a la fonction des détecteurs de gaz inflammables a chemin ouvert

IEC 60204-1, Sécurité des machines — Equipement électrique des machines — Partie 1:
Exigences générales

IEC 60227-3, Conducteurs et cables isolés au polychlorure de vinyle, de tension nominale au
plus égale a 450/750 V — Partie 3: Conducteurs pour installations fixes

IEC 60227-5, Conducteurs et cédbles isolés au polychlorure de vinyle, de tension nhominale au
plus égale a 450/750 V — Partie 5: Cébles souples
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IEC 60335-2-41, Appareils électrodomestiques et analogues — Sécurité — Partie 2-41:
Exigences particuliéres pour les pompes

IEC 60335-2-80, Appareils électrodomestiques et analogues— Sécurité — Partie 2-80:
Exigences particuliéres pour les ventilateurs

IEC 60364-4-41:2005, Installations électriques a basse tension — Partie 4-41: Protection pour
assurer la sécurité — Protection contre les chocs électriques
IEC 60364-4-41:2005/AMD1:2017

IEC 60529, Degrés de protection procurés par les enveloppes (Code IP)
IEC 60584-1, Couples thermoélectriques — Partie 1: Spécifications et tolérances en‘matiere de
FEM
IE[C 60664-1, Coordination de I'isolement des matériels dans les réseaux d’énergie électrique
a basse tension — Partie 1: Principes, exigences et essais

IEC 60695 (toutes les parties), Essais relatifs aux risques du feu

IEC 60695-1-30, Essais relatifs aux risques du feu — Partie 1+30: Lignes directrices pqur
I’évaluation des risques du feu des produits électrotechniques — Processus d’essai fe
présélection — Lignes directrices générales

IEC 60695-10-2, Essais relatifs aux risques du feu~Partie 10-2: Chaleurs anormales — Essai
a fa bille

IEC 60695-11-4, Essais relatifs aux risques _du feu — Partie 11-4: Flammes d’essai — Flamme
del 50 W — Appareillage et méthodes d’essaji-de vérification

IEC 60695-11-10, Essais relatifs aux risques du feu — Partie 11-10: Flammes d’essaf —
Méthodes d’essai horizontal et vertieal a la flamme de 50 W

IEC 60730-1:2013, Dispositifs;de commande électrique automatiques — Partie 1: Exigences
générales

IEC 60730-1:2013/AMD1:2015
IEC 60730-1:2013/AMD2:2020

IEC 60812, Analysé des modes de défaillance et de leurs effets (AMDE et AMDEC)

IEC 60947-3,” Appareillage a basse tension— Partie 3: Interrupteurs, sectionneuls,
inferrupteurs-sectionneurs et combinés-fusibles

IEC80947-5-1, Appnrnillngn a hasse tension-— Partie 5-1: Appnrnile et éléments e

commutation pour circuits de commande — Appareils électromécaniques pour circuits de
commande

IEC 60950-1:2005, Matériels de traitement de I'information — Sécurité — Partie 1: Exigences
générales

IEC 60950-1:2005/AMD1:2009

IEC 60950-1:2005/AMD2:2013

IEC 61025, Analyse par arbre de panne (AAP)

IEC 61204-7, Alimentations a découpage basse tension — Partie 7: Exigences de sécurité
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IEC TS 61430, Accumulateurs — Méthodes d’essai pour la vérification de la performance des
dispositifs congus pour réduire les risques d’explosion — Batteries de démarrage au plomb

IEC 61508 (toutes les parties), Sécurité fonctionnelle des systemes
électriques/électroniques/électroniques programmables relatifs a la sécurité

IEC 61558-1, Sécurité des transformateurs, bobines d’inductance, blocs d’alimentation et des
combinaisons de ces éléments — Partie 1: Exigences générales et essais

IE" a2477.4 Eviaganaoaa o QAauritA annlinabhlao ogiv _ovofdpaana
OZFT 1 1, CATYCTICCO- U~ o C UUTIIC apPPNCOUTC O QUAT Oy OTCTTTC O~ C

cojnversion de puissance — Partie 1: Généralités

IEC 62133-1, Accumulateurs alcalins et autres accumulateurs a électrolyte noéh, acidg —
Exigences de sécurité pour les accumulateurs portables étanches, et pour les batteries qui pn
solnt constituées, destinés a Il'utilisation dans des applications portables — Partie.1: Systemes
ay nickel

IEC 62282-2-100, Technologies des piles a combustible — Partie 2-100: Modules a piles| a
combustible — Sécurité

IEC 62391-1, Condensateurs électriques fixes a double couchetilisés dans les équipements
électriques et électroniques — Partie 1: Spécification génériqlie

IEC 62391-2, Condensateurs électriques fixes a double(couche utilisés dans les équipements
électroniques — Partie 2: Spécification intermédiairé4~ Condensateurs électriques a double
couche pour application de puissance

IEC 62619, Accumulateurs alcalins et autfes accumulateurs a électrolyte non acidg —
Exigences de sécurité pour les accumulatetrs au lithium pour utilisation dans des applications
indlustrielles

IEC/ISO 31010, Management du risque — Techniques d’appréciation du risque
ISP 179 (toutes les parties), Plastiques — Détermination des caractéristiques au choc Charpy
ISP 180, Plastiques — Détermination de la résistance au choc Izod

ISP 877 (toutes les-parties), Plastiques — Méthodes d’exposition au rayonnement solaire

ISP 1419, SuUpports textiles revétus de caoutchouc ou de plastique — Essais de vieillissem@ant
accéléré

ISP 4421, Supports textiles revétus de caoutchouc ou de plastique — Détermination de la force

d ruph:rn el de I’nllnngnmnnf ala rupfura

ISO 1798, Matériaux polymeres alvéolaires souples — Détermination de la résistance a la
traction et de I’'allongement a la rupture

ISO 2440, Matériaux polymeéeres alvéolaires souples et rigides — Essais de vieillissement
accéléré

ISO 2626, Cuivre — Essai de fragilisation par chauffage dans I’hydrogéne

ISO 3691-1, Chariots de manutention — Exigences de sécurité et vérification — Partie 1:
Chariots de manutention automoteurs, autres que les chariots sans conducteur, les chariots a
portée variable et les chariots transporteurs de charges
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ISO/TS 3691-7, Chariots de manutention — Exigences de sécurité et vérification — Partie 7:
Exigences régionales pour les pays de la Communauté européenne

ISO/TS 3691-8, Chariots de manutention — Exigences de sécurité et vérification — Partie 8:
Exigences régionales pour les pays en dehors de la Communauté européenne

ISO 3864-1, Symboles graphiques — Couleurs de sécurité et signaux de sécurité — Partie 1:
Principes de conception pour les signaux de sécurité et les marquages de sécurité

|S P4038—éhietHes—routiers—Pbispositifs—de—freinage—hydrautigue—Ttyratteries—a—sHaple
repflement, logements, raccords méles et embouts de flexibles

ISP 4080, Tuyaux et flexibles en caoutchouc et en plastique — Détermination de la pérméabiljté
ay gaz

ISP 4675, Supports textiles revétus de caoutchouc ou de plastique — Essai(de flexion a basjse
température

ISP 5053-1, Chariots de manutention — Vocabulaire — Partie 12~Types de chariots He
manutention

ISP 7010, Symboles graphiques — Couleurs de sécurité et’signaux de sécurité — Signaux pe
sélcurité enregistrés

ISP 10380, Tuyauteries — Tuyaux et tuyauteries métalliques flexibles onduleux

ISP 10442, Industries du pétrole, de la chimie et du gaz naturel — Compresseurs d’hir
cehtrifuges assemblés a multiplicateur intégré

ISP 10806, Tuyauteries — Raccords pour tuyaux métalliques flexibles onduleux

ISP 11114-4, Bouteilles a gaz transportables — Compatibilité des matériaux des bouteilles|et
des robinets avec les contenus gazeux — Partie 4: Méthodes d’essai pour le choix des acigrs
résistants a la fragilisation par,I’hydrogéene

ISP 12100, Sécurité des machines — Principes généraux de conception — Appréciation pu
risque et réduction durisque

ISP 13226, Caoqutchouc — Elastomeres de référence normalisés (SRE) pour la caractérisatipn
de| I'effet des)liquides sur les caoutchoucs vulcanisés

ISP 13849-1, Sécurité des machines — Parties des systemes de commande relatives al|la

Sé

curite — Partie 1: Principes généraux de conception

ISO 13849-2, Sécurité des machines — Parties des systemes de commande relatives a la

sé

curité — Partie 2: Validation

ISO 14113, Matériel de soudage aux gaz — Tuyaux souples et flexibles en caoutchouc et en
plastique pour des gaz industriels jusqu’a 450 bar (45 MPa)

ISO 15649, Industries du pétrole et du gaz naturel — Tuyauteries

ISO/TR 15916, Considérations fondamentales pour la sécurité des systemes a I’hydrogéene
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ISO 16010, Garnitures d’étanchéité en élastoméres — Exigences matérielles pour les joints
utilisés dans les canalisations et les raccords véhiculant des combustibles gazeux et des
hydrocarbures liquides

ISO 16111:2018, Appareils de stockage de gaz transportables — Hydrogene absorbé dans un
hydrure métallique réversible

ISO 17268, Dispositifs de raccordement pour le ravitaillement des véhicules terrestres en
hydrogene gazeux

ISP 19881, Hydrogene gazeux — Réservoirs de carburant pour véhicules terrestres

ISP 19882, Hydrogéene gazeux — Dispositifs limiteurs de pression thermiquement activés pqur
les conteneurs de carburant de véhicules a hydrogéne comprimé

ISP 20898, Chariots de manutention — Exigences électriques

ISP 21927-3, Systémes de contréle de fumée et de chaleur — Partie 3; Spécifications pour les
ventilateurs mécaniques d’évacuation des fumées et de la chaleur

ISP 23551-1, Dispositifs de commande et de sécurité pour briledrs a gaz et appareils a gaz —
Exigences particuliéres — Partie 1: Robinets automatiques gt'semi-automatiques

RTM ONU n° 13, Reglement technique mondial sur. lés véhicules a hydrogene et a pile| a
coambustible

Réglement ONU n° 134, Prescriptions uniformes relatives a I’homologation des véhicules
automobiles et de leurs composants en ce ‘qui concerne les prescriptions de sécurité des
véhicules fonctionnant a I’hydrogéne

3 | Termes et définitions

Pqur les besoins du présent ddcument, les termes et définitions donnés dans I'lEC 60050-485,
ainsi que les suivants, s’appliquent.

L'ISO et I'IEC tiennenf\a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

o [ IEC Electropedia: disponible a I'adresse http://www.electropedia.org/
¢ [ ISO Ontine browsing platform: disponible a I'adresse http://www.iso.org/obp

3.
fonctionnement anormal
fO Ibt;UIIIIUIIIUIIt du bybtélllc <‘: p|=c <‘: bUIIIbubt;b:C avicyu dybfullbt;ullllclllcllt Uu défd;“dllbc dy n
quelconque élément mécanique, électrique ou de commande, en tout mode de défaillance
considéré comme raisonnablement probable dans I'analyse des modes de défaillance et de
leurs effets (AMDE) a I'exclusion cependant de toute rupture ou panne accidentelle des
conteneurs de liquides, vapeurs et/ou gaz inflammables

3.2

liaison équipotentielle

assemblage permanent de parties conductrices de maniére a constituer un chemin
électriquement conducteur positif assurant une continuité électrique entre parties conductrices
et capable de conduire tout courant de défaut éventuel
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Note 1 a I'article: Ceci s’applique a la liaison au sein du systeme a pile a combustible, ainsi qu’entre le systeme a
pile a combustible et le chariot; il n’est pas fait référence aux moyens de mise a la terre du chariot proprement dit,

par exemple avec un ruban de mise a la terre ou par I'intermédiaire des pneumatiques.

3.3
clapet antiretour

dispositif de régulation des fluides qui permet aux fluides de s’écouler dans une seule direction

3.4
circuit a puissance limitée
circuit qui impli n potenti 3ri 2 i r

dans le Tableau 2B et
C 60950-1:2005/AMD2:2013

le Tableau2C de [I'lEC 60950-1:2005 et

Nofe 1 a l'article: Un circuit qui présente une basse tension a la fois dans des conditions normales et de déf
unique est appelé circuit a trés basse tension de sécurité (TBTS) dans I'lEC 60950-1.

circuit basse tension

cirffcuit qui implique un potentiel créte en circuit ouvert d’au plus 42,4 V (30 V efficace)
60 V en courant continu alimenté par une batterie, une pile a combustible, un transformatg
nt une puissance de sortie assignée inférieure a 100 VA et une-tension de sortie maximg
secondaire de 30V en courant alternatif. ou en associant un transformateur et u
impédance fixe qui, en tant que systéme, est conforme a I'leC-61558-1

Note 1 a l'article: Un circuit obtenu en connectant une résistance en-série avec un circuit d’alimentation en tens
comme moyen de limitation de la tension et du courant n’est pas.€onsidéré comme un circuit basse tension.

ite de zone de dilution

étendue d’une région ou d’une zone inflammable générée par un dégagement limité de g
inflammable, interne au systéme a pile ascombustible ou au chariot dans lequel le systéeme ¢
monté et contrélé par une ventilation mécanique ou autre moyen efficace

Note 1 a I'article: Ceci est décrit dans I'lEC 60079-10-1.

3.7
ddcharge électrostatique

DES

trgnsfert de charge _électrique entre des corps aux potentiels électrostatiques différents
proximité ou par caontact direct

[SPURCE: IE€-60050-561:2014, 561-03-06]

3.
sylstéme a pile a combustible
sygteme générateur qui utilise un ou plusieurs modules a pile a combustible pour produire

hut

ur
le
he

V4
st

I’énergie elecirique et de la chaleur

Note 1 a l'article: La Figure 1 représente le schéma de principe d’un systéme a pile a combustible. Le systéme a

pile a combustible destiné a étre utilisé avec des chariots apparait dans I'une des formes indiquées en 3.9 et
3.10.

[SOURCE: IEC 60050-485:2020, 485-09-01, modifié: ajout de la nouvelle note a I'article]

3.9
systéme autonome

en

systeme complet intégré dans son enveloppe propre, destiné a remplacer ou a étre associé a

un systeme de batterie pour alimenter un chariot de manutention
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Note 1 a I'article: Les fonctions d’affichage et de contréle peuvent étre situées a I'extérieur de I'enveloppe
systéme a proximité du compartiment de I'opérateur. Cependant, si un contrepoids est nécessaire a I'extérieur de
I’enveloppe du systéme ou si une communication directe est exigée entre le systeme et le contréleur du chariot, il
sera considéré comme un systéme intégré (voir 3.10).

3.10

systéme a pile a combustible intégré
ensemble d’'un systéme d’organes et de piéces de piles a combustible incorporé dans le chariot
de manutention avec les différentes parties du systéme éventuellement réparties sur tout le

ch

ariot

du

3.11

z
to
de

ne dangereuse
ite zone ou espace de travail ou des poussiéres combustibles, des fibres inflammables
s composés liquides, du gaz ou des mélanges inflammables ou volatils sont ou péuvent é

presents dans l'air en quantités suffisantes pour produire des mélanges (explosifs
inflammables comme défini dans I'lEC 60079-10-1

3.12

intégré

ce| qui est contenu soit a I'intérieur, soit a I’extérieur du systéme a pile '@ combustible, mais ¢
fait partie dudit systéme a pile a combustible

3.13

limite inférieure d’inflammabilité

LHAL

concentration minimale de combustible dans un mélange combustible-air pour laquelle u
combustion peut étre initiée par une source d’'inflatnmation

Nofe 1 a I'article: Un mélange combustible-air est inflammable lorsque la combustion peut étre déclenchée par
soyirce d’inflammation. Les proportions ou la composition du mélange combustible-air constituent la composa
pripcipale. Un mélange qui contient une quantité decedmbustible inférieure a la quantité critique dite limite inférie
d’inflammabilité (LFL), ou une quantité supérieure a.lta quantité critique dite limite supérieure d’inflammabilité (UR
ne|sera pas inflammable.

Note 2 a l'article: L’abréviation "LFL" est~dérivée du terme anglais développé correspondant "lower flammabi
limjit"

3.14

pression de service admissible maximale

PSMA

pression relative makimale a laquelle une cellule élémentaire a combustible ou un systéms

pile a combustible-peut fonctionner

No|

No|

No|

e 1 a I'articley_\Voir un tableau comparatif des termes relatifs a la pression a ’Annexe A.
e 2 a lartiele: La pression de service admissible maximale est exprimée en Pa.

e8, a  l'article: La pression de service admissible maximale est la pression utilisée pour détermi

ui

ne
hte
ire
L),

ity

her

I'en

hplacement des dispositifs de limitation/diminution de pression installés pour protéger un élément ou un syste

me

d'u

ne surpression accidentelle.

[SOURCE: IEC 60050-485:2020, 485-17-03, modifié: ajout de la nouvelle Note 1 a l'article]

3.15
pression de service maximale
MOP
pression relative la plus élevée d’'un organe ou du systéme susceptible d’apparaitre en
fonctionnement normal

Note 1 a I'article: Voir un tableau comparatif des termes relatifs a la pression a I’Annexe A.

Note 2 a I'article: L’abréviation "MOP" est dérivée du terme anglais développé correspondant "maximum operat
pressure”.

ing
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3.16

dégagement normal

valeur limite des volumes présents localement de concentrations d’hydrogéne dégagées en
fonctionnement normal, y compris éventuellement les purges de piles a combustible

3.17

fonctionnement normal

tout mode, en fonctionnement et hors fonctionnement, rencontré pendant I'utilisation du produit
et qui ne résulte pas d’'un dysfonctionnement ou d’une défaillance

dpasse une valeur maximale préétablie et par conséquent prévenir la défaillanceyd’une piece
ou d’un systéme sous pression

Note 1 & l'article: L’abréviation "PRD" est dérivée du terme anglais développé correspondant "pressure refief
deyice".

3.19

dispositif limiteur de pression a activation thermique

THRD

digpositif limiteur de pression (3.18) qui est activé thermiquement

Note 1 a l'article: L’abréviation "TPRD" est dérivée du terme anglais-développé correspondant "thermally activajed
prgssure relief device".

3.20
appréciation du risque
prpcessus englobant une analyse du risquecet une évaluation du risque

3.21

analyse du risque
utiflisation des informations disponibles pour identifier les phénoménes dangereux et estimer|le
rislque

3.22

évialuation du risque
prpcédure fondée suti*analyse du risque pour décider si le risque tolérable est atteint

3.23

dispositif de’commande de sécurité
digpositif. de)commande automatique et de verrouillage qui comprend les relais, commutateufs,
caEteurs et autres équipements auxiliaires utilisés conjointement avec ces derniers pqur

constituer un systéeme de commande de sécurité, destiné a prévenir un fonctionnement
contrdire a la sécurité du matériel contrblé

3.24

élément critique du point de vue de la sécurité

organe, dispositif, circuit, logiciel ou piéce similaire dont la défaillance pourrait affecter la
sécurité du systéme a pile a combustible, comme déterminé en 4.16

3.25

pression de service

pression de service nominale

pression, telle que spécifiée par le fabricant, a une température de gaz uniforme de 15 °C, le
réservoir étant plein

Note 1 a I'article: Ce terme fait uniquement référence au réservoir d’hydrogéne sous pression.
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Note 2 a I'article: Voir un tableau comparatif des termes relatifs a la pression a ’Annexe A.

3.26

systéme de classification de zones

moyens de classement des zones dans le systéme a pile & combustible, utilisant les méthodes
décrites dans I'lEC 60079-10-1

4 Exigences de construction en matiére de sécurité

4.1—Généralités

Tqut élément d’un produit couvert par le présent document doit étre conforme aux exigences
applicables audit élément. Les références normatives traitant des éléments utilisés dans les
prpduits faisant I'objet du présent document sont indiquées a I’Article 2.

Il p’est pas exigé qu’un élément soit conforme a une exigence spécifique des hormes citées gn
références normatives qui:

— | concerne une fonction ou une caractéristique non exigée par 'application de I'élément dans
le produit du présent document;

— | est annulée et remplacée par une exigence du présent document; ou

— | fait 'objet d’'un examen distinct lorsqu’il fait partie d’un_autre élément, a condition que
I'élément soit utilisé dans le respect de ses caractéristiques assignées et limites établies.

Tqut élément doit étre utilisé conformément a ses, valeurs assignées établies dans des
conditions d’utilisation prévues.

Lels éléments spécifiques sont incomplets en matiere de caractéristiques de construction pu
limités en matiere de performance. lls sont prévus pour étre uniquement utilisés dans des
conditions limitées, telles que certaings™températures qui ne dépassent pas les limites
spiécifiées et ne doivent étre utilisés que dans lesdites conditions spécifiques.

Un élément qui est également destiné a remplir d’autres fonctions telles que la protection confre
leg surintensités, l'interruption deCircuits en défaut a la terre, la limitation de surtension, toyte
autre fonction similaire, ou, toute combinaison de celles-ci, doit en outre étre conforme apux
exjigences de la norme applicable qui couvre les dispositifs assurant ces fonctions.

4.2 Parties contenant de I’hydrogéne et autres fluides
4.2.1 Généralités

Lels parties.sous pression ou contenant des fluides doivent résister a 'action des fluides.

Lels parties métalliques contenant de I’hydrogéne doivent étre résistantes a la fragilisation par
I’hlydrogeéne, conformément a I'ISO/TR 15916. Si un matériau différent de ceux décrits da
18 . . R N

est a effectuer conformém,ent al'lSO 11114-4 ou a I'lSO 2626.

Lorsque la corrosion atmosphérique d’'une piece contenant des fluides interfére avec sa
fonction prévue, ou entraine une fuite externe du fluide qui crée une situation dangereuse,
ladite piece doit étre réalisée en matériau résistant a la corrosion ou étre pourvue d’un
revétement de protection résistant a la corrosion.

Les piéces en élastomére ayant une fonction de sécurité telle que I'étanchéité a des fluides
autres que I'hydrogéne et susceptibles de générer une situation dangereuse en cas de fuite
(par exemple un joint entre des pieces électriques et des piéces mouillées), doivent convenir a
I'application prévue, conformément aux spécifications de I'ISO 1419, de I'ISO 1421, de
I'ISO 13226, de I'lSO 16010 et de I'lSO 4675, selon le cas.
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Toute piéce en élastomere employée pour assurer I’étanchéité de I’hydrogéne doit convenir a
I'utilisation avec de I’hydrogéne. Les références et lignes directrices de I'lSO/TR 15916 doivent
étre prises en compte pour les matériaux élastoméres. La résistance a la traction et a
I'allongement du matériau doit étre évaluée a I'état de réception puis aprés vieillissement en
étuve (sur la base des températures de service) conformément a 5.20.

4.2.2 Tuyauteries, flexibles, tubulures et raccords

1)

2)

3)

4)

5)

6)

7)

Lorsqu’elles transportent des gaz a des pressions relatives supérieures a 103,4 kPaou d

es

liquides a des pressions supérieures a 1 103 kPa ou a des températures supérieures a

120 °C _les tuvauteries et les pieces accessoires correspondantes doivent étre concues
4 7 T T k-3

fabriquées et soumises aux essais conformément aux spécifications applicables
I'ISO 15649.

de

Les tuyauteries utilisées a des niveaux de pression et/ou a des températures_inférieury a

ceux indiqués en 1), ainsi que les tuyauteries non métalliques, doivent étre éyvaluées au
des exigences du présent document, en tenant diment compte des matérigux et fluid

es

contenus, ainsi que des conditions de service, y compris les pressions et.les températurgs.
Les tuyauteries non meétalliques transportant du combustible hydrogéne ou méthanol
gazeux doivent étre congues, fabriquées et soumises aux essalis” conformément aux

exigences supplémentaires de 6).

Les flexibles non métalliques utilisés pour du combustible hydrogéne ou méthanol gazed
situés a I'extérieur du systéme a pile a combustible et soumisya’des contraintes physique
doivent satisfaire aux essais hydrostatiques, d’adhérenCe, (caoutchouc uniquement),

X,

He

souplesse, de souplesse a faible température, de résistance a I'ozone (pour les flexibles

comportant un couvercle de protection extérieur en caoutchouc), de résistance aux UV (pgd
les flexibles recouverts de matiére plastique), de perméabilité aux gaz, de conductiv
électrique; ainsi qu’aux essais d’intégrité des raccords, tels que décrits dans I'lSO 1411
Les matériaux doivent convenir a une utilisation dvec du combustible hydrogéne ou avec
fluide contenu (c’est-a-dire le méthanol), conformément a 4.2.1. Les flexibles d’'une longug
supérieure a 1,5 m doivent étre renforcés*par une tresse en fil d’acier inoxydable.

Les connecteurs en métal souples, aifsi que les raccords correspondants, lorsqu’ils sq
utilisés pour transporter de I’hydrogéne gazeux, doivent étre conformes a I'lSO 10806 e
I'ISO 10380, tel qu’exigé.

ur
té

le
ur

nt

Une canalisation de combustible hydrogéne doit étre soutenue de maniére a réduire le plus

possible l'usure par frottement et de la maintenir a une distance d’au moins 51 mm
I’échappement et des parties du systéme électrique.

a) Les équipements électriques et les capteurs dans les circuits a puissance limitée ¢
n'ont pas assez d’énergie électrique pour endommager une conduite de carburant
sont pas tenus.de se conformer a cette exigence.

b) S’il peut ‘étre démontré que les canalisations de combustible et le cablage sd
suffisamment soutenus pour empécher que la distance ne soit réduite a moins
12,7./am, la distance entre les canalisations de combustible et les parties du systeén
électrique peut étre réduite.

Les_canalisations non métalliques de combustible hydrogéne et méthanol doivent:

- Atre prnfégépc dans des enceintes ventilées_ dans Ipcqupllnc toutes les contraint

de

ui

nt
de

mécaniques ou physiques sont réduites au minimum;

— étre conductrices pour éviter les décharges électrostatiques. La conformité est
déterminée par I'essai de continuité de 5.10 2) pour les canalisations de combustible

métalliques, et de 5.10 3), pour les canalisations de combustibles non métalliques;

— étre constituées de matériaux évalués comme étant appropriés pour les fluides qu’ell

es

transportent, en tenant diment compte des températures auxquelles elles sont
exposées en service. La conformité doit étre déterminée comme décrit en 5.20 et 5.21,

selon le cas; et

— étre conformes aux exigences DES définies dans I'ISO 4038 lorsqu’elles sont

connectées entre le circuit de combustible et la pile.

Les tuyauteries, tubulures, raccords et autres éléments de tuyauterie doivent pouvoir

supporter un essai hydrostatique a une pression égale a au moins 1,5 fois la pression

de
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service assignée sans présenter de défaillance structurelle. Les tuyauteries, tubulures,
raccords et autres éléments de tuyauterie haute pression doivent avoir une marge de
sécurité équivalente a la bouteille de stockage utilisée. Voir 4.2.3.

4.2.3 Réservoirs d’hydrogéne sous pression

1)

2)

3)

4)

5)

6)

7)

8)

Les réservoirs sous pression doivent étre spécifiquement congus pour les conditions de
service de I'application chariot de manutention, ce qui inclut le nombre maximal de cycles
de remplissage prévus, les plages de pression et de température prévues en
fonctionnement et lors du remplissage, I'effet de I’hydrogéne sur la durée de vie en fatigue,
ainsi que la fréquence des contréles.

En référence a 1), un réservoir sous pression doit étre congu, fabriqué et soumis aux essalfs,
en tenant compte des conditions et restrictions suivantes:

a) le conteneur de la catégorie C définie dans I'lSO 19881 doit s’appliquer;

b) s’agissant des réservoirs de Type 1, ils doivent étre congus et soumis a essai
conformément a I'lSO 19881;

c) dans la version anglaise, le terme "working pressure" ("pression’de service") gdu
réservoir, comme défini dans I'lSO 19881, est identique au terme "service pressufe"
(méme signification) du présent document;

d) s’agissant des réservoirs de Type 3 et du Type 4, ils doiyént-étre congus et soumiq a
essai conformément a I'I|SO 19881, au RTM ONU n° 13 et.au réeglement ONU n° 134;

e) le réservoir doit étre congu pour la durée de vie prévue du systéme a pile a combustible
et pour au moins 11 250 cycles de remplissage compléts.

NOTE "11 250 cycles de remplissage complets", c’est-a-dire 3 remplissages/jour, 365 jours/an, 10 an$ =
10 950 cycles.

Un réservoir sous pression et un raccord de remplissage doivent étre placés dans|le
périmétre d’encombrement du chariot de manuitention ou dans une enceinte telle que définie
en 4.13, et situés de fagon a réduire toute possibilité d’endommagement du réservoir pu
des raccords utilisés pour le transportdhydrogene.

Un limiteur de débit et un clapetvantiretour, éventuellement, doivent étre directemgnt
raccordés au réservoir sous pression ou montés sur la méme canalisation que lui, en pn
lieu ou il n'existe pas de dispositif de fermeture entre le réservoir sous pression et le clapet
antiretour, de maniére a réduire au minimum les effets négatifs des chocs et vibrations,
ainsi que les éventuels dommages accidentels.

La canalisation de ravitaillement des circuits doit étre équipée d’un clapet antiretour,
assurant une fongtion redondante par rapport a celle du clapet antiretour du récipignt
spécifié dans I'lS©*17268.

Les réservoirs sous pression doivent disposer d’'un moyen de vidange (dépressurisation)|et
de purge.d'hydrogéne utilisant un gaz inerte, comme souligné dans les instructions
d’utilisatien’ou dans le manuel de maintenance, selon le cas, fourni avec le systeme a pjle
a combustible.

Un_nobinet manuel permettant d’isoler I'alimentation en combustible doit étre placé| a
proximité du réservoir sous pression, de fagon a ce que I'alimentation en combustible vegrs

piy

fesystemea pitea combustibte puisse&tre fermée pour maimtenance ou pour Stoctkage a
long terme.

Le réservoir d’hydrogéne sous pression doit étre monté a demeure sur le module du
systéme a pile a combustible ou sur le chariot de manutention, afin de s’assurer que le
réservoir sous pression ne quitte pas son logement en cours d’utilisation ou ne puisse pas
étre déposé en cas de ravitaillement.

4.2.4 Conteneur en hydrure métallique

Les systemes de stockage de combustible hydrogéne dans un hydrure métallique doivent étre
conformes a I'Article 4, a I'Article 5 et a I'Article 6 de I'I|SO 16111:2018.
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4.2.5 Réservoir de combustible méthanol

1) Les réservoirs de combustible méthanol doivent étre construits en matériaux appropriés
conformément a 4.2.1 et a 4.2.2 et doivent satisfaire aux exigences indiquées ci-dessous.
Ces réservoirs, ainsi que les joints d’étanchéité et raccords correspondants, doivent étre
congus et construits avec une résistance qui convient a la fonctionnalité prévue et une

2)

résistance aux fuites évitant tout dégagement non intentionnel.

Les réservoirs de combustible méthanol doivent étre spécifiguement congus pour les
conditions de service de l'application chariot de manutention qui couvre les plages de
pression et de température prévues en fonctlonnement et Iors du remplissage, l'effet du

mAathanal ce 1o AleAn dAA g anfatiauao A rAcaraie at loc fraauanacnc doc caontralac

3)

4)

5)

4,

L’interface de ravitaillement doit correspondre a&la pression assignée du conteneur (v

4.2.3 2)c)) et doit étre conforme a I'lSO 17268.

4.4
1)

2)

3)

4)

J
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Un robinet manuel permettant d’isoler I'alimentation en combustible doit étre placé
proximité du réservoir de combustible, de fagon a ce que l'alimentation en combustible vd
le systeme a pile a combustible puisse étre fermée pour maintenance ou pour.stockags
long terme.

pisy

S

Un réservoir de combustible méthanol et un raccord de remplissage doivent étre situés daps

I’encombrement du chariot de manutention ou dans une enceinte telle que définie en 4.1
et situé de fagon a réduire toute possibilité dendommagement du réservoir ou des raccor|
utilisés pour le transport d’hydrogéne.

Le réservoir de combustible méthanol doit é&tre monté a demeuresur le module du syster
a pile a combustible ou sur le chariot de manutention, afin de' s)assurer que le réservoir
quitte pas son logement en cours d’utilisation ou ne puisse’ pas étre déposé en cas
ravitaillement.

Ravitaillement

Protection contre les surpressionscet protection thermique

Le réservoir d’hydrogéne sous pression doit étre protégé contre les effets du feu par
dispositif limiteur de pression a activation thermique (TPRD) sans refermeture, cong
fabriqué et soumis aux essais conformément a I'I|SO 19882.

Les éléments et tuyauteries. situés en aval d’un réducteur de pression dont le régla
assigné est inférieur a la pression d’admission maximale du réducteur de pression, doive
étre protégés contre les surpressions en cas de défaillance du réducteur de pression
moyen d’un dispositif limiteur de pression.

Les dispositifs limifeurs de pression doivent convenir a I'application correspondante,

3,
ds

he
de

Dir

compris pour,ce_qui concerne les matériaux en contact avec I’hydrogene, ainsi que les

pressions et débits assignés.

Les dispositifs limiteurs de pression fonctionnant a des pressions supérieures a 1 000 k
doivent étre dimensionnés et congus de maniére a limiter la pression en cas de défau
mojns-de 110 % de la pression de service maximale admissible. La refermeture ne doit p
avoir lieu a moins de 90 % du point de consigne. Les dispositifs limiteurs de pressi

forictionnant a des pressions inférieures ou égales a 1 000 kPa doivent étre dimensionngs

5)

6)

et congus de maniere a limiter la pression en cas de défaut a moins de 125 % de la pressi

on

de service maximale admissible. La refermeture ne doit pas avoir lieu a moins de 90 % du
point de consigne. Le module de pile a combustible doit étre protégée conformément a

I'EC 62282-2-100.

Lorsqu’elle est fournie, la tuyauterie de décharge de la limitation de pression doit étre

dimensionnée de maniére a assurer la conformité a 4.4 4).

La décharge d’un dispositif limiteur de pression donné doit étre placée de fagon a ce que
fonctionnement du dispositif n’entraine pas de situation dangereuse, telle que:

le

a) le dégagement d’hydrogéne gazeux a plus de 25 % de la limite inférieure

d’inflammabilité (LFL) vers une zone non classée ou a pression confinée dans le
systéme a pile a combustible. La décharge du dispositif limiteur de pression peut étre
placée dans 'encombrement du systéme a pile a combustible en utilisant une ventilation


https://iecnorm.com/api/?name=b9405d7d1d86dbad9552f32fbecc996f

IEC 62282-4-101:2022 © |EC 2022 -71 -

7)

8)

9)

adéquate ou en mettant en ceuvre un systéme de commande de sécurité adéquat
constitué d’un capteur d’hydrogéne et d’un dispositif d’arrét d’hydrogéne obturant la fuite

en cas de détection;

b) un dépdt d’humidité sur des parties sous tension, susceptible de créer un risque de choc

électrique;

c) des objets étrangers, de 'humidité ou des débris, qui pourraient entrer dans le systeme

de ventilation non protégé par des capots, des couvercles ou autres;

d) un risque pour que le systéme de ventilation ne soit plus fixé ou qu’il soit retiré de

maniére a affecter la trajectoire du débit; ou

e) le dégagement de pression soit dirigé ou dévié vers la position normale de I'opératey

=

Un orifice de mise a l'air libre du dispositif limiteur de pression doit étre fixé a intervalles

réguliers, de maniére a réduire la possibilité d’endommagement, de corrosion ourde rupty
de la canalisation de mise a l'air libre ou du dispositif limiteur de pression~du fait de
dilatation, de la contraction, des vibrations, des contraintes ou de l'usuref‘et-d’éviter tg
desserrage en fonctionnement.

Le systéme de mise a l'air libre, y compris le raccord de sortie du dispositif limiteur

pression et des canalisations de mise a l'air libre correspondantes; doit étre congu

maniére a supporter la pression maximale développée pendantcelfonctionnement a plg
débit du dispositif limiteur de pression sans qu’il ne soit séparé de ses fixations. S’il ¢
prévu, le bouchon de mise a I'air libre doit étre fixé par mesdre/de sécurité.

Les dispositifs limiteurs de pression, représentés dans les.exemples des Figure 2, Figure
et Figure 4, doivent étre conformes a I'lSO 15649.

Vo Gimitear T Systéme de mise a l'air libre

de pression i
.
i
Canalisation de mise a l'air libre

Robinet manuel

Systeme a pile
a combustible

£

Régulateur
TPRD %M L )

[ Réservoir de stockage

IEC

igure 2 — Exemple schématique d’un systéme de mise a I’air libre pour des éléments

en aval du régulateur

Systéme de mise
a l'air libre

Canalisation de mise a I'air libre
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Figure 3 — Exemple schématique d’un systéme de mise a I’air libre pour tous les
éléments
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Régulateur

Robinet manuel

Réservoir de stockage

Figure 4 — Exemple schématique d’un systéme de mise a I’air libre pour
tous les éléments dans un systéme a plusieurs réservoirs de stockage

.5 Régulateurs

régulateur de pression de gaz doit étre équipé d’un timiteur de débit ou d’une canalisati
mise a l'air libre.

h

.6 Robinets de commande et d’arrét

Les vannes et robinets doivent avoir:les caractéristiques assignées conformes
I’application, y compris en matiére de pression, de température ou de fluides en contact
de valeurs assignées électriques, le eas échéant.

a) Les électrovannes doivent étres;conformes a I'lSO 23551-1.

b) Les robinets pour tuyauteries*haute pression doivent étre soumis a essai conforméms
a I'ISO 15649, au lieuxde l'essai de fuites externes et I'épreuve de résistan
hydrostatique de I'lSQ-23551-1.

c) Les robinets pour fluides inflammables doivent étre conformes a I'lSO 23551-1.

Les combustibles alimentant le systéme a pile a combustible doivent étre fournis par d
canalisations deyecombustible équipées d’au moins un robinet d’arrét automatique

sécurité. Le robinet d’arrét de sécurité peut également étre un robinet de commande.
temps de fermeture d’un robinet d’arrét de sécurité ne doit pas étre supérieur a 5 s.

Si un rebinet manuel d’arrét d’'urgence est considéré comme nécessaire selon 4.16, il d
étre situe en un emplacement facilement accessible qui ne doit pas nécessiter une rotati
supérieure a 90° de la position ouverte a la position fermée. Une clé ou un outil ne doit p

et

nt

es
He
| e

pit
on
as
dé

émpécher I'acces au robinet d’arrét manuel. Le robinet doit é&tre monté a demeure et blin

4)
5)

6)
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ou a des chocs.

Lorsqu’'un robinet manuel est utilisé, il doit comporter un marquage conforme
I’Article 7 3)f).

S

a

Les robinets d’arrét électriques, automatiques et autres doivent, en cas de défaillance,

retourner a une position de sécurité (sécurité intrinséque).

Les électrovannes placées dans des zones classées doivent étre congues pour la zone de

classification considérée.

4.7 Filtres

Les filtres a air et a fluide doivent convenir a I'application et étre facilement accessibles s'il est

ex

igé de les contréler, de les nettoyer ou de les remplacer.
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